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7 salute to a fine product 


Is World War I, over 50,000 pairs of binoculars were 
lent to the government . . . only one pair was reported lost. 


Once again our government is calling on citizens to con- 
tribute these much needed instruments “‘to give eyes to the fleet.” 
If they are Bausch and Lomb or Carl Zeiss binoculars, sizes 6 x 30 
and 7 x 50, they can be put to good use for a very worthy cause. 


We, as distributors of Bausch and Lomb optical goods, 
are proud of this tribute to a fine product. We are proud, too, of 
their magnificent accomplishment in the production of a wide 
variety of instruments vitally needed for the successful prosecu- 
tion of the war. 


The ophthalmic profession is confronted with a great re- 
sponsibility in caring for the vision of the armed forces and the 
industrial worker. Backed by quality ophthalmic products, it’s 
a winning combination in any man’s war and will march shoulder 
to shoulder on to victory! 


Riggs Optical Company 
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THE INTRASCLERAL VASCULAR PLEXUS AND ITS RELATIONS 
TO THE AQUEOUS OUTFLOW* 


MANUEL UriBE Troncoso, M.D. 
New York 


It is a well-known fact that the physio- 
logic function of an organ is entirely 
subordinated to its anatomic structure and 
also that differences in the arrangement 
of the blood vessels considerably influ- 
ence the nutrition and the movement of 
fluids in this organ. The variable disposi- 
tions of the structures of the angle of the 
anterior chamber in the eyes of mammalia 
have a recognized role in the outflow of 
the aqueous through the scleral venous 
plexus and the canal of Schlemm. 

We have obtained a great deal of in- 
formation concerning the functions of 
these organs through animal experimen- 
tation but, unfortunately, our incomplete 
knowledge of the comparative anatomy 
of the eye has given rise to erroneous con- 
ceptions as to the architecture and func- 
tions of the channels of aqueous outflow 
in lower mammals in comparison with 
those in man. 

In previous articles' I have shown that 
there are great differences in the anatomic 
structure of the angle of the anterior 
chamber between lower Mammalia and 
Primates. Schlemm’s canal, which is a 
conspicuous organ in the latter, is en- 
tirely missing in lower mammals. For the 


*From the Department of Ophthalmology, 
College of Physicians and Surgeons, Columbia 
University, and the Institute of Ophthalmology, 
Presbyterian Hospital. Read at the thirteenth 
scientific meeting of the Association for Re- 
search in Ophthalmology, at Atlantic City, 
June 9, 1942. 
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better understanding of the physiologic 
functions regulating the outflow of the in- 
traocular fluid, it is necessary to point 
out briefly the anatomic architecture of 
the angle of the anterior chamber, and the 
arrangement of the vascular network in 
the anterior segment of the eye from the 
Rodentia to the Primates. 

In rodents there is a cleft between the 
sclera and the outer side of the: ciliary 
body (fig. 1) which is partitioned by the 
fibers of the pectinate ligament into sev- 
eral cavities filled with aqueous and com- 
municating with the anterior chamber 
through the so-called Fontana’s spaces. 
To this cleft I have given the name of 
“cilioscleral sinus.” 

In the Ungulata (fig. 2) the cleft is 
filled with a special alveolar tissue which 
I have called “spongy tissue.” This sponge 
contains aqueous and communicates with 
the anterior chamber through the inter- 
vals in the rows of pectinate-ligament 
fibers, the so-called Fontana’s spaces. 

In the Carnivora (fig. 3, dog, and fig. 
4, cat) the cilioscleral sinus is almost 
filled by numerous fine strands, which are 
tendons of the ciliary muscle. In these ani- 
mals the iris has receded from the end 
of Descemet’s membrane and the pecti- 
nate fibers are meridional instead of radial 
as in the two former types of mammals. 

Investigators who have described the 
vascular supply of the anterior segment 
of the eye (Leber,? Maggiore,? Hender- 
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son, Theobald’) usually divide the sys- 
tem of the anterior ciliary vessels as 
follows: 
1. The conjunctival plexus. 
2. The subconjunctival plexus and Te- 
non’s capsule plexus. 
3. The episcleral plexus. 
4. The intrascleral plexus in the thick- 
ness of the sclera. 
In this paper I shall study the intrascleral 
plexus only, for the differences in the 
arrangement of the other vascular sys- 


Fig. 1 (Troncoso), Me. 
ridional section of a normal 
rabbit’s eye (x60) show- 
ing: C, cornea; Sc, sclera: 
is; De Descemet’s 
membrane ; pectinate 
ligament ; Si, cilioscleral 
sinus; TrV, trabecular Vein: 
EpV, episcleral vein; CB. 
ciliary body. 


tems have little bearing on the mechanism 
of the aqueous outflow. 

In rodents and the Ungulata there are 
numerus vessels both on the scleral and 
ciliary walls of the cilioscleral sinus. In 
the intrascleral plexus they are more nv- 
merous and form a richer network, which 
spreads throughout the depth of the sclera 
(fig. 5 A). They may be divided into a 
superficial and a deep layer.®** The former 
is in close connection with the episcleral 
plexus, while the deeper layer resolves 


Fig. 2 (Troncoso). Me- 
ridional section of a normal 
sheep’s eye (X70) showing: 
C, cornea; I, iris; Si, cilio- 
scleral sinus; Tr, trabecu- 
lum; TrV, trabecular veins; 
Sp, scleral spur; CB, ciliary 
body; Mu, ciliary muscle. 
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Fig. 3 (Troncoso). Me- 
ridional section of a normal 
dog's eye (X50) showing : 
C, cornea; De, Descemet’s 
membrane; Si, cilioscleral 
sinus; PL, pectinate liga- 
ment; TrV, trabecular 
veins; Ho, Hovius’s plexus ; 
I, iris; CB, ciliary body; 
Mu, ciliary muscle. 


into a close network which runs more and 
more superficially, until some of its 
branches reach the inner surface of the 
sclera. At this point they are covered only 
by the trabeculum (figs. 1 and 2, TrV),a 
triangular structure of a meshwork char- 
acter which was described by Henderson 
as the “cribriform ligament,” but which 
should be called “trabeculum,” for it is 
similar in structure to the sclerocorneal 
trabeculum in man. 

The veins and capillaries running along 
the inner scleral surface may have only 


Ho 


Fig. 4 (Troncoso). Me- 
ridional section of a normal 
cat’s eye (X70) showing: 
C, cornea; Si, cilioscleral 
sinus; PL, pectinate liga- 
ment; Tr, trabeculum; TrV. 
trabecular veins; Ho, Ho- 
vius’s plexus; Sc, sclera; I 
iris; CB, ciliary body. 
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one wall covered by the trabeculum or 
they may have two walls adjacent to the 
meshwork, or may even be entirely sur- 
rounded by it. On account of this rela- 
tionship with the trabeculum they have 
been called “Schlemm’s canals.” This is a 
misleading and improper name, and they 
might better be designated as “trabecular 
veins” (figs. 1, 2, 3, and 4, TrV-). There 
may be one, two, or several of these veins 
in a section, while not far away other 
sections do not show any of them. Their 
distribution changes also from section to 
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Lower Mammalia 
Ant. Ch. 


Aqueous 


| Blood 


Primates 


Ant.Ch Canal D 
Aqueous] Blooa 


Fig. 5 (Troncoso). Semischematic represen- 
tation of intrascleral plexus in A, Ungulata, 
and B, man. The letters have the same meaning 
as in previous illustrations. 


section, whereas, as I will show later, 
Schlemm’s canal has always the same 
permanent place above the scleral spur. 

The shape and distribution of the in- 
trascleral plexus in the Ungulata injected 
from the common carotid and seen from 
the exterior of the sclera is shown in 
figure 6, which I owe to the courtesy 
of Dr. P. F. Swindle. It may be compared 
with the microscopic meridional section 
(fig. 2) which shows well the superficial 
trabecular veins. 

On the ciliary side of the sinus there 
are also a number of vessels that run at 
several levels. They are rarely super- 
ficial and probably do not play a great 
role in the absorption of aqueous. I shall 
deal with them later. 

In the Carnivora the intrascleral vas- 
cular plexus is exceptionally rich, much 
more so than in the Ungulata and even 
than in the Primates. The vessels are 


lodged in large cavities within the sclerg 
and were described many years ago by 
Hovius: hence the name “Hovius plex. 
us.” Figure 7, also from Dr. Swindle 
shows the injected eye of a dog, which 
may be compared with the microscopic 
section of figure 3. 

It is difficult to explain why this large 
plexus is provided in the Carnivora. Eyes 
of these animals may be of the same size 
or even smaller than those of the Ungu- 
lata. The only explanation seems to be 
that the tendons of the muscle fill the 
sinus almost entirely and thus the amount 
of aqueous is greatly reduced. To com- 
pensate for this a slower rate of flow 
of the blood in a larger venous bed pro- 
vides a greater power of absorption for 
the intraocular liquid. 

In the Primates the anatomic architec- 


Fig. 6 (Troncoso). Front view of an in- 
jected specimen of a normal eye of a Rocky 
Mountain bighorn sheep lamb. The specimen 
was injected from the common carotid artery. 
Differential injections were made by injecting 
first India ink and then red cinnabar into the 
same carotid artery, rhythmically and under 
low pressures. The exterior of the sclera is in 
front of the observer. InPx, intrascleral plexus; 
L, branch running to the limbus (Swindle). 
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ture of the angle is wholly different. The 
cilioscleral sinus has disappeared, obliter- 
ated by the enormous development of the 
ciliary muscle (figs. 8,9, and 10). The pec- 
tinate ligament (PL) is rudimentary and 
consists of widely separated, meridional, 
and partly radial, thin fibers, which are 
seen with the gonioscope as fine strands 
bridging the recess of the chamber: the 
so-called “iris processes.”* Behind them 
the trabeculum, which has been displaced 
forward, covers a new organ, the canal 
of Schlemm (CS). This is lodged in 
a special groove at the sclerocorneal junc- 
tion, and always has the same anatomic 
position. It is really a small plexus in it- 
self, as it may be divided into several por- 
tions which later unite with each other 
(fig. 9). It consists of an endothelial wall, 
continuous and without stomata, sepa- 
rated from the anterior chamber only by 
the meshwork or trabeculum (figs. 8, 9, 
and 10). The intrascleral vascular plexus 
has moved forward and is now located at 
the limbus in front of the iris root. This 
plexus has been studied very carefully 
by several authors (Maggiore,*? Theo- 
bald>) who divided it into two layers, 
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Fig. 7 (Troncoso). Front view of an in- 
jected normal dog’s eye. The arteries were in- 
jected with red cinnabar from a ciliary artery 
and show in a lighter color in the picture. The 
veins were injected with India ink from a 
vein of the circle of Hovius. The injections 
were made rhythmically and under low pres- 
sures immediately after enucleation. The ex- 
terior of the sclera is toward the observer 
(Swindle). Ac Ar, anterior ciliary artery; 
Lv, limbal vessels; Ho Px, Hovius plexus. 


Fig. 8 (Troncoso). Me- 
ridional section of a normal 
chimpanzee’s eye (X60) 
showing: C, cornea; CS, 
Schlemm’s canal; Tr, tra- 
beculum; InV, intrascleral 
venous plexus; EpV, epi- 
scleral plexus; Sp, scleral 
spur; I, iris; CB, ciliary 
body; Mu, ciliary muscle. 
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superficial and deep. The former is in 
continuation with the episcleral network, 
while the latter divides into very numer- 
ous branches which anastomose with each 
other forming a dense network (fig. 5 B). 
This deep network, however, does not in- 
clude the canal of Schlemm, which com- 
municates with it by only a few narrow 
branches called “collectors.” These are 
about 20 to 30 in number around the 
whole limbus in human eyes, are very 


Fig. 9 (Troncoso), Me- 
ridional section of a normal 
monkey’s eye (M., 
highly magnified 
showing: 


rhesus) 
(X250) 
Se, sclera; Iny 
intrascleral venous plexys- 
CS, Schlemm’s canal (this 
has a peculiar shape, being 
divided into two branches by 
a fibrous partition; a col- 
lector appears to be con. 
nected with the anterior part 
of the canal); Tr, trabecu- 
lum; PL, rudimentally pec- 
tinate ligament (so-called 
uveal _trabeculum) ; Sp 
scleral spur; Mu, ciliary 
muscle; I, iris; C, cornea, 


narrow, and usually have a retrograde 
course (Maggiore,? Theobald,® Frieden- 
wald*). This characteristic feature invali- 
dates the opinion that Schlemm’s canal 
is only one of the veins of the deep in- 
trascleral plexus. Leber and his school 
called it “Schlemm’s venous sinus” and 
thought it to be filled with blood. More 
recently, Swindle,® studying eyes injected 
through the carotid, ciliary arteries, or 
through the veins, has denied the exist- 


Fig. 10 (Troncoso). Me- 
ridional section of a normal 
adult human eye (X60) 
showing: C, cornea; CS, 
Schlemm’s canal; Tr, tra- 
beculum; Sp, scleral spur; 
EpV, episcleral vessels; Sc, 
sclera; I, iris; CB, ciliary 
body; Mu, ciliary muscle. 
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ence of Schlemm’s canal in man and 
considers it one of the many latitudinal 
ins of the intrascleral plexus. 

These opinions, however, have been 
proved wrong by the results of gonioscopic 
examinations of the angle of the anterior 
chamber in living human eyes. It has 
been established now, beyond doubt, that 
the canal of Schlemm is almost always 
filled with a clear liquid and that only 
occasionally, in conditions of venous sta- 
sis, blood penetrates into its lumen and 
appears as a reddish band above the 


ve 


scleral spur. 

The fact that between the richly anas- 
tomotic intrascleral plexus and Schlemm’s 
canal there are only a few connecting 
branches supports the opinion that the 
canal is a diverticulum of the venous 
plexus and that the blood normally flows 
more readily from the deep plexus direct- 
ly into the episcleral veins than by way of 
a retrograde course into the lumen of the 
canal, as the collectors are scarcely the size 
of a blood corpuscle. Friedenwald* has 
lately described arterial branches of the 
deep plexus communicating directly with 
the canal of Schlemm, which, according to 
him, may thus have afferent and efferent 
branches. His observations have not yet 
been corroborated by other investigators, 
but it is a proved fact (Maggiore) that 
there are many arterial twigs in the intra- 
scleral plexus and some of them may be 
near the junction of the collectors with 
the deep plexus, although it does not seem 
probable that they communicate directly 
with the canal. 


THE PHYSIOLOGY OF THE AQUEOUS OUT- 
FLOW THROUGH THE INTRASCLERAL 
PLEXUS AND SCHLEMM’S CANAL 


As stated before, in the Rodentia, Un- 
gulata, and Carnivora the aqueous humor 
passes from the anterior chamber into 
the cilioscleral sinus. There it is in contact 
with two vascular beds: internally with 


the network of the ciliary body and ex- 
ternally with the trabecular veins and 
capillaries of the intrascleral plexus. We 
know little of the conditions of blood 
circulation in the ciliary body, but it is 
probable that the arterial pressure is 
lower than in the choroid and retina, 
as in man. Duke-Elder’® asserts that hy- 
drostatic pressure in the arteries of the 
ciliary body is about 50 mm. Hg, and 
also correspondingly higher in the veins. 
In those conditions it is improbable that 
any absorption of fluids can take place 
through the veins to promote the outflow 
of the aqueous. 

On the other hand, in the intrascleral 
plexus conditions of hydrostatic pressure 
and of osmotic water attraction are 
suited to the elimination of intraocular 
fluid. We must bear in mind, however, 
that absorption is mainly effected by the 
trabecular veins and capillaries, but be- 
comes more and more difficult for the 
deeper veins through the thick fibers of 
the sclera. 

The trabecular veins form a rich super- 
ficial network separated from the aqueous 
by only a loose meshwork. If we con- 
sider the cilioscleral sinus as a large tissue 
space, the well-known laws of fluid ex- 
change between tissue and capillaries and 
veins can be fully applicable there. The 
blood-aqueous barrier (fig. 5 A) is then 
formed by the walls of these trabecular 
capillaries and veins. It will not be amiss 
to recall here briefly the conditions of 
fluid exchange in the ordinary tissues of 
the body. Chiefly two pressures are at 
work in the interior of the tissue spaces. 
One is the hydrostatic pressure of the 
blood, which forces water and crystalloids 
outside the vessel walls into the tissue 
spaces, the other is the osmotic pressure 
of the blood plasma which, on the con- 
trary, tends to withdraw liquids from the 
tissues into the capillaries. The hydro- 
static pressure changes in systole and di- 
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astole and also by vasomotor action. It is 
usually about 20 to 25 mm. Hg in the 
capillaries of the body tissues, whereas 
the osmotic pressure varies from 20 to 
30 mm. Hg. These pressures are in con- 
stant variation. Sometimes, when the 
blood pressure increases, it overcomes the 
osmotic pressure, and plasma escapes 
from the vessel into the tissue. At other 
times the blood pressure diminishes and 
then the osmotic pressure withdraws fluids 
from the tissues into the vessel. At the 
venous end of the capillary, where the 
blood pressure is lower than the filtra- 
tion level, osmotically active plasma pro- 
teins draw water and crystalloids into the 
blood stream. This fluid circuit is regu- 
lated by a delicate balance between capil- 
lary permeability, blood pressure, and os- 
motic pressure of plasma proteins. 

In the ocular tissues conditions are dif- 
ferent. In the anterior chamber the liquid 
exchange is subordinated to the principal 
function; namely, the outflow of aqueous 
from the eye. Another mechanical factor 
is added, the intraocular pressure. The 
tissue pressure in the eye is much higher 
than in the ordinary tissues of the body, 
where it is only about 2 to 6 mm. Hg. In 
the anterior chamber the pressure rises 
to 20 or 25 mm. Hg. The venous pressure 
in the ocular tissues should be corre- 
spondingly higher; in the iris and other 
inner membranes, slightly above the 
pressure in the anterior-chamber. 


Lower mammals. Duke-Elder meas- 
ured the blood pressure in the intrascleral 
veins, of a dog by introducing a pipette 
into the veins of the circle of Hovius, and 
found it to be slightly higher, by only 
1.5 mm., than the intraocular pressure. 
In the Rodentia and in Ungulata the in- 
trascleral veins are much smaller (fig. 
6), and the blood pressure should be 
higher, but we must remember first that 
the scleral veins have their lumens kept 
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open by the investing scleral tissue and 
second that the pressure in the periphera] 
veins is more dependent on the flow 
through the corresponding arteries, which 
in the Ungulata, are of smaller size he 
in the Carnivora. Even if we assume that 
the arterial pressure is 50 mm, 9 
(Duke-Elder?® )—which is probably too 
high—-and the venous pressure 2] mm,, 
slightly higher than the intraocular (20 
mm. Hg), the capillary pressure should 
be intermediate, or about 29 mm. The 
osmotic pressure of the plasma, 30 mm. 
Hg, thus becomes higher than the hydro- 
static pressure, and the aqueous is drawn 
constantly toward the capillaries and exit 
veins (fig. 5 A). 

As long ago as 1914,” the continu- 
ous passage of aqueous into the episcler- 
al vessels was demonstrated by the 
writer by means of physiologic ex- 
periments in rabbits’ eyes. The conjunc- 
tiva was cut and dissected around the 
limbus of. the cornea, the eye passed 
through a hole in a waterproof tissue, 
and the anterior segment submerged in 
oil. In 10 or 15 minutes the sectioned 
anterior ciliary vessels produced droplets 
of a clear fluid, mixed with a small 
amount of blood, which formed a collar- 
ette around the limbus. After a given pe- 
riod of time, the collected fluid was cen- 
trifuged and the amount of serum and 
clot measured. At the same time blood 
taken from the rabbit’s ear was centri- 
fuged and a comparison made between 
the eye filtrate and pure blood. It was 
found that aqueous was mixed with the 
blood in a proportion that averaged an 
outflow of about 2 to 3 c.mm. per minute. 


Primates. In primates, however, con- 
ditions are different. Experimentally in 
man Seidel and Duke-Elder measured the 
pressure in the extrascleral veins and 
found it to be about 13 mm., or 7 mm. 
below the intraocular pressure (20 mm.). 


D 

ar 

ve 

Cé 
| Ce 
is 
| sc 
| on 
| 1 
' if 

t 
| I 
a 

t 
I 


ee 


Duke-Elder has built all his theory of the 
“safety-valve action” of Schlemm’s canal’ 
around his measurement of the blood 
pressure in Hovius’s veins because these 
veins and the canal are “in open communi- 
cation with each other.” This is not the 
case. As stated before, Schlemm’s canal 
is not in open connection with the deep 
scleral plexus. There are only 20 to 30 
collectors around the limbus, narrow, and 
many with a retrograde course (fig. 5 B). 
The pressure inside the canal is not gov- 
erned by the venous pressure, but by the 
intraocular pressure, which forces aque- 
ous through the inner wall and keeps the 
canal filled with aqueous. When viewed 
through the gonioscope the canal in nor- 
mal eyes is seen to be filled with a clear 
fluid. If the blood pressure in the intra- 
scleral veins should be, as in the dog, 
about 21 mm. Hg, then, it being higher 
than the intraocular pressure, the canal 
should constantly be filled with blood. 
which is not the case. 

Pressure in Schlemm’s canal is proba- 
bly lower than the intraocular pressure 
by.1 or 2 mm. Hg, but still higher than 
in the intrascleral and episcleral veins. 
The measurements of Duke-Elder in 
Hovius’s plexus are too high for man. 
Hovius’s veins are very large in size, 
while in man the intrascleral veins are 
small and flat. The values of Seidel and 
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Duke-Elder of 13 mm. Hg pressure for 
the episcleral veins in man are probably 
only 5 or 6 mm. lower than the pressure 
in the intrascleral plexus. Thus a higher 
pressure within the canal prevents the 
blood from penetrating its lumen in nor- 
mal conditions. Only when there is an in- 
crease of blood pressure, or in cases of 
hypotony, does blood find its way into 
the canal. However, in normal conditions 
a slight amount of blood plasma probably 
trickles through the collectors into the 


canal. The osmotic pressure of this blood . 


plasma makes the absorption of aqueous 
sasier. For these reasons I conclude that 
in the Primates there is not a blood- 
aqueous barrier (fig. 5 B). The canal 
being filled with aqueous and the pres- 
sure in the intrascleral plexus being 
lower, aqueous passes directly through 
the collectors into the blood stream.* In 
this way nature achieves a mechanism for 
direct outflow of the aqueous into the 
blood stream and thus increases the 
amount of liquid outflow in eyes in which 
the absorbing surface of Schlemm’s canal 
has become smaller, while in lower mam- 
mals a larger surface of the cilioscleral 
sinus is necessary for the fluid exchange 
that takes place by hydrostatic and os- 
motic forces. 
635 West One Hundred Sixty-Fifth 
Street. 
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Die Circulations und Ernahrungverhaltnisse des Auges. In Graefe-Saemisch’s 


Handbuch der gesamten Augenheilkunde. 1903, v. 2, pt. IT. 


* With the slitlamp microscope Dr. K. W. Ascher has recently found in human eyes, near the 


limbus of the cornea, veins which have such a large amount of aqueous in their lumens as to 
appear entirely white. Other veins in which the proportion of aqueous was smaller presented a 
stratification of red and white layers. He called these vessels “aqueous veins” and showed that 
by compression the vessels filled at first with blood, which after a certain time was replaced by 
new aqueous.” 
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* Maggiore, L. Struttura, compartamento e significato dil canale di Schlemm nell’occhio 
in condizione normali e pathologiche. Ann. di Ottal. e Clin. Ocul., 1917, v. 40, 

‘Henderson, T.: (a) Glaucoma. London, E. Arnold, 1910. (b) The cribriform ligament of 
ciliary muscle. A demonstration of the comparative anatomy of the angle of the an 


umano 


the 


chamber in man and monkeys. Trans. Ophth. Soc. United Kingdom, 1921, vy. 41, p. < 
* Dvorak-Theobald, G. Schlemm’s canal. Its anastamoses and anatomic relations, Trans. Aeeie 
Ophth. Soc., 1934, v. 32, p. 574. 
* Smith, Priestley. On the eye of the ox and its internal blood vessels. Brit. Jour. Ophth 
1921, 5 Sept., p. 385. - 
*Troncoso, M. U. Gonioscopy and its clinical applications. Amer. Jour. Ophth., 1925, v. 9 
p. 433. 


. Gonioscopy. Its methods and results, especially in glaucoma. Trans. Internat. Con- 
gress Ophth., Madrid, 1933, v. 1, p. 25. 


8 Friedenwald, J. Circulation of the aqueous. Mechanism of Schlemm’s canal. Arch. of Ophth, 
1936, v. 16, July, p. 65. 
*Swindle, P. F. The principal drainage channels of the eye. Arch. of Ophth., 1937, y, 17 


March, p. 420. 
” Duke-Elder, Sir W. S. Text-book of ophthalmology. St. Louis, Mo., C. V. Mosby (Co 
1932, v. 1, p. 405. 
™ Troncoso, M. U. Neue Untersuchungen tber die Saftstromung im lebenden Auge und in 
anderen Organen und ihre Messung. Klin. M. f. Augenh., 1914, v. 53, July-August. 
. The continuous circulation of the aqueous humor. Amer. Jour. Ophth., 1933, vy, 16, 
Aug., p. 669. 
” Ascher, K. W. Aqueous veins. Amer. Jour. Ophth., 1942, v. 25, p. 31. 


DISCUSSION 


Dr. K. W. Ascuer (Cincinnati, Ohio): most interesting fundamental anatomic 
I think that the detection of the aqueous and physiologic facts discovered by Dr. 
veins, which are channels charged with Troncoso. Further details will be dis- 
the continuous elimination of fluid from cussed this afternoon, when I shall ex- 
the human eye, is an unexpected con- hibit slides to show the anatomic and 
firmation of the whole concept of Leber’s physiologic means by which this fluid is 
theory and is especially a confirmation of — eliminated. 
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GONIOSCOPIC STUDIES ON THE CANAL OF SCHLEMM* 


Peter C. KroNnFELD, M.D., H. ISABELLE McGarry, M.D., Anp 
Homer E. M.D., U.S.N.R., M.C. 
Chicago 


This study deals with the gonioscopic 
phenomenon in which the canal of 
Schlemm becomes visible in living human 
eves when macroscopic amounts of blood 
take the place of the usual colorless con- 
tents (hereafter designated as simply “the 
phenomenon’). In the course of routine 
gonioscopic examinations of nonglau- 
comatous eyes this phenomenon is ob- 
served not infrequently and has been re- 
ported in one form or another by most 
of the workers in this field. 

It appears that the phenomenon was 
first described by Salzmann* who states 
“that, under ordinary circumstances, all 
one sees of the canal of Schlemm is a 
soft-gray stripe or uniform band, the 
grayness of which varies in the different 
portions of the chamber angle. .. . I have 
made observations which seem to prove 
that this gray band actually represents 
the canal of Schlemm. There are cases 
in which one sees a red band instead of 
the (usual) gray band. In the first case in 
which I saw the red color (pictured) the 
stripe appeared narrow and situated far 
forward. In another case the red color 
was very faint and mixed with gray. Both 
eyes in the first case were normal. The 
second observation was made in an eye 
with chronic tuberculous iridocyclitis . . . 
which, at the time of the examination, was 
free of irritation.” 

Troncoso? found “in some normal eyes, 
especially when congested, one or two 
bright red, narrow lines . . . bordering 
the Schlemm zone on either side. These 


*From The Illinois Eye and Ear Infirmary, 
Dr. H. S. Gradle, Director. Read at the thir- 
teenth scientific meeting of the Association for 
Research in Ophthalmology in Atlantic City, 
June 7, 1942. 


. are due to small amounts of blood 
circulating inside of the Schlemm canal. 
. . Never have I been able to see the 
whole Schlemm zone of a red blood color, 
which would certainly be the case if it 
were a venous sinus.” 

From the French résumé of Trantas’s 
last comprehensive article® (in Greek) his 
stand in the matter is not perfectly clear 
to us. He describes a red band within 
the trabecular area, but believes it to have 
nothing to do with the canal of Schlemm. 
The following paragraph taken from 
Trantas appears significant : “While in the 
normal (eye) one may be able to observe 
that in the whitish zone of the pectinate 
ligament a red circular band is formed, 
caused by blood stasis provoked by pres- 
sure exerted by the contact glass, . . . in 
all cases of chronic glaucoma this red 
band was absent.” 

Sugar, in his first comprehensive article 
on gonioscopy,* states that “the canal of 
Schlemm is sometimes made visible to 
gonioscopic examinations by its occasional 
content of blood. It is then seen as a pink 
uniform line anterior to the scleral spur. 
Under the magnifications used, the smaller 
subdivisions of the canal are not visible. 
In the seven eyes in which the canal was 
seen by the author, the only reason that 
could be-advanced for the presence of 
blood was pressure of the contact glass 
against the venous drainage channels from 
the canal. In one of these otherwise 
normal eyes the canal was visible on three 
of four examinations. Attempts to influ- 
ence its visibility by having the patient 
inhale deeply and also exhale deeply 
against a closed glottis to produce changes 
in venous pressure, were unsuccessful.” 

In a later publication® Sugar mentions 
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that “occasionally, probably as a result of 
pressure by the contact lens, blood can 
be seen in the canal in a normal eye. In 
spite of its presence in the canal, the blood 
has never been seen to enter the chamber 
itself. This finding seems to support 
Friedenwald’s® contention that there are 
no direct communications between the 
trabecular spaces and Schlemm’s canal.” 

Bangerter and Goldmann,’ who exam- 
ined their patients in the sitting position 
and with the special flat-surfaced contact 
glass devised by the latter author, saw 
“the canal of Schlemm stand out as a 
more or less pronounced red stripe (pic- 
tured). In the same patient the red band 
is by no means constant . . . it varies in 
intensity and may disappear temporarily. 
The lower portions of the angle usually 
show the red band most markedly. We 
have not been able to establish with cer- 
tainty upon what factors the entrance of 
blood into the canal is dependent. 
Possibly, the slight pressure of the contact 
glass upon the episcleral veins has some- 
thing to do (with the phenomenon). In 
general the red band is seen more fre- 
quently in young people and is more pro- 
nounced at the beginning of the examina- 
tion... . In a few cases, but not regularly, 
we succeeded in reéliciting the phenome- 
non by compression of the blood vessels 
of the neck.” 

We shall in the following refer to the 
phenomenon as “spontaneous” if present 
in an eye that has been subjected to no 
procedure other than the usual prepara- 
tion for gonioscopy, that is, application of 
a local anesthetic and insertion of the 
contact lens, in contradistinction to the 
“induced” phenomenon observed after the 
experimental procedures described in this 
paper. At the inception of this work we 
had found no record of a method having 
been described by means of which the 
canal of Schlemm could be visualized— 
filled with blood—at will, in eyes that did 
not show the “spontaneous” phenomenon. 
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Since several authors have suggested 
the possibility that the phenomenon of the 
canal of Schlemm containing blood may 
be partly or entirely caused by pressure 
of the contact lens upon the episcleral 
veins, we have, in addition to the regular 
technique of gonioscopy, made extensive 
use of a technique that did not entail any 
pressure upon the bulbus. In principle 
this technique was a modification of 
Mizuo’s® method, which consists simply 
of filling the cul-de-sac with water, The 
angle of the anterior chamber then be- 
comes visible, the fluid on the cornea play- 
ing the role of the contact lens. We found 
it convenient to retract the lids and, at the 
same time, to raise the outer canthus by 
introducing a speculum on the order of 
the one devised by Arruga, which lifts 
the eyelids off the eyeball. After the inser- 
tion of the speculum the cul-de-sac was 
filled with saline or artificial tears and the 
patient’s eye brought to a position in 
which the entire cornea was covered with 
water. In many human eyes gonioscopy 
is thus possible without the use of a con- 
tact glass. 

Two methods were used to bring on the 
phenomenon; namely, withdrawal of 
aqueous by needle puncture, and compres- 
sion- of the eyeball by means of the 
ophthalmodynamometer of Kukan.’ The 
suction cup of the latter instrument was 
applied to the sclera in front of the equa- 
tor, and suction up to 250 mm. of mercury 
applied for a period of two minutes. 


DETAILED DESCRIPTION OF THE 
PHENOMENON 

Several variations of the phenomenon 
were observed: 

(1) The typical phenomenon. The canal 
presents itself as a well-defined band, 
pink to scarlet in color, situated in the 
depth of the posterior two thirds of the 
trabecular area. The width of the band 
varies from not less than one third to 
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almost two thirds of the trabecular area. 
The intensity of the red color as well as 
the width of the band is usually greater 
‘n the lower half of the angle. The ramifi- 
cations of the canal of Schlemm shown 
anatomically are not revealed by the 
gonioscopic appearance except that in 
some cases one sees, within the uniform 
band, areas of slightly greater or lesser 
density. The anterior border of the band 
‘js usually sharper than the posterior one. 
A very definite flat wall appears to separ- 
ate the blood from the trabeculum, pre- 
venting visible infiltration of the latter. 
Before the band disappears it becomes 
lighter in spots, and then breaks up 
into segments or islands. 


(2) The typical phenomenon combined 
with leakage into the anterior chamber. 
There, in addition to the typical band, fine 
canals filled with blood are seen to extend 
from the band into the trabeculum and 
end with a definite pore on the inner sur- 
face of the trabeculum. During certain 
phases of the phenomenon, blood is seen 
to trickle from the pore into the anterior 
chamber where it collects on the iris or 
in the recess of the angle. In cases in 
which this phenomenon was observed on 
several occasions the site of the pores was 
relatively constant although in some of 
these cases new pores became added to the 
ones observed previously. The amount of 
blood that collected in the anterior cham- 
ber through this leakage was never great 
enough to be visible macroscopically. 


(3) Atypical phenomena. These are 
characterized by: (a) marked narrowness 
of the band; (b) very gross segmentation 
and irregularity of the filled areas with 
regard to width and position within the 
trabeculum; (c) opaqueness of the 
trabecular area, usually associated with 
heavy pigment infiltration—to such an 
extent that the presence of blood in the 
canal can be recognized, but no definite 
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statement concerning details of the band 
can be made; (d) no filling whatsoever. 


RESULTS 


In nonglaucomatous eyes. About two 
years ago it occurred to the authors that 
the so-called spontaneous phenomenon of 
the filling of the canal of Schlemm with 
blood was frequently associated with a 
tonometric reading definitely lower than 
the average readings for the particular 
eye. This observation suggested a relation- 
ship between the entrance of blood into 
the canal of Schlemm and a sudden de- 
crease in intraocular pressure. To put 
this idea to the test, two methods were 
available ; namely, withdrawal of aqueous 
or compression of the eyeball by means 
of an ophthalmodynamometer. On 45 eyes 
of individuals over 45 years of age who 
had such clinical conditions as amblyopia, 
senile cataract, senile macular degenera- 
tions, and optic atrophies of various types, 
the aqueous was aspirated by needle punc- 
ture and gonioscopic examinations were 
made at short intervals. As soon as enough 
aqueous had re-formed to permit goni- 
oscopy, the presence of blood in the canal 
of Schlemm could be established in every- 
one of these eyes except those few in 
which the visibility was poor because of 
large amounts of fibrin in the secondary 
aqueous. The phenomenon was typical in 
the large majority of cases and was as- 
sociated with leakage into the anterior 
chamber in less than 20 percent. The first 
gonioscopic examination could not be 
made until 20 to 30 minutes had elapsed 
after anterior-chamber puncture, at which 
time the phenomenon was found fully de- 
veloped. When the intraocular pressure 
had again reached the level of 15 mm., the 
phenomenon disappeared in the typical 
manner. 

A review of the literature at this stage 
of our work revealed that the appearance 
of blood in the canal of Schlemm after 
aspiration of aqueous was first postulated 
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by Sondermann.’? The phenomenon had 
also been demonstrated anatomically in 
the eyes of rabbits (without allowing dis- 
placement of fluid from the canal during 
enucleation and fixation) by Scholz and 
Friedenwald (personal communication). 

Complete withdrawal of the aqueous 
seemed to us too coarse a procedure in 
studying a possible relationship between 
the entrance of blood into the canal and 
the hypotony or the reactive processes in- 
duced by the puncture. Therefore we re- 
fined our technique and aspirated only 
small portions of the chamber contents 
(0.01 to 0.03 c.c.), whereby the intra- 
ocular pressure was lowered 6 to 12 mm. 
and only slight reactive processes were 
set up. Gonioscopy was possible immedi- 
ately after the withdrawal of the aqueous 
in these cases and invariably showed the 
presence of the typical phenomenon with- 
out leakage into the anterior chamber. The 
red band soon broke up into segments and 
disappeared completely within 10 minutes 
as the intraocular pressure rose toward 
the initial level. In general, the phenome- 
non seemed to be of the same intensity 
after complete as after partial aspiration. 
This impression may have been derived 
partly because of our inability to appreci- 
ate slight differences in intensity of the 
phenomenon. 

Instillations of 1 drop of 10-percent 
neosynephrine (emulsion) 15 minutes be- 
fore the aspiration of aqueous exerted no 
recognizable influence upon the phenome- 
non. 

In a third series of cases we studied the 
effect of compression of the globe upon 
the contents of the canal of Schlemm. 
There it was possible to observe the cham- 
ber angle during and immediately after 
the compression. If the compression re- 
sulted in an appreciable lowering of the 
intraocular pressure, the canal of 
Schlemm became filled with blood, show- 
ing the typical phenomenon. When goni- 
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oscopy was performed without USing the 
contact lens the canal was observed to 
remain perfectly colorless during the com. 
pression and to become, in some Cases, 
filled completely the very moment the 
compression ceased. In other cases the 
filling occurred slowly, requiring UP to 
one minute for its completion. In no case 
could it be ascertained through how many 
inlets the blood entered the canal. The 
phenomenon disappeared very promptly 
as the intraocular pressure began to rise 
again. If the compression failed to lower 
the intraocular pressure appreciably, the 
contents of the canal remained colorless. 
In eyes with low initial pressure, it was 
found to be more difficult to bring about 
a drop in pressure by compression than 
in eyes with pressure readings between 
18 and 25 mm. Hg. 

If suction greater than 250 mm. of 
mercury was applied for periods exceed- 
ing two minutes very marked filling of 
the canal combined with leakage into the 
trabeculum and the anterior chamber could 
be observed. 

The observations described in the fore- 
going report proved to be identical upon 
performing gonioscopy with and without 
the contact lens. The introduction of the 
contact glass did not alter any phe- 
nomenon observed immediately before by 
gonioscopy without the contact glass. In 
only a few cases, in which the contact 
lens was slightly too large for the par- 
ticular eye, was it found that the con- 
tinued presence of the lens promoted the 
subsidence of the phenomenon. Thus tt 
seemed that the presence of the contact 
glass was conducive to a more rapid 
escape of blood from the canal. In a 
number of patients who showed a marked 
spontaneous or induced phenomenon, we 
increased the pressure exerted by the 
contact lens by pressing the latter against 
the globe (by means of a glass rod). 
Within 6 to 10 seconds in every case in 
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which this was done, the red band began 
to pale, and continued to do so until the 
pressure was released, when the red color 
very promptly returned. The same fading 
of a spontaneous or induced phenomenon 
was observed if, without the contact lens 
in position, localized pressure was exerted 
against the eyeball by means of a glass 


rod. 


In glaucomatous eyes. In three eyes 
with narrow-angle glaucoma, tested at 
times when the entrance to the angle was 
open and the intraocular pressure normal, 
the typical phenomenon was observed 
upon partial aspiration of aqueous. 

In a small group of cases of so-called 
primary wide-angle glaucoma striking 
variations in the appearance of the phe- 
nomenon were noted, All the eyes in this 
group, however, had in common an en- 
tirely negative response to withdrawals of 
only small amounts of aqueous (0.01- 
0.03 c.c.) which in nonglaucomatous eyes 
had consistently brought on the phe- 
nomenon. In order to make the glau- 
comatous and nonglaucomatous eyes more 
closely comparable the partial aspirations 
in the former were made at times when 
the intraocular pressure had either spon- 
taneously or under miotics come down to 
the normal range. 

After aspirations of slightly greater 
amounts the results shown in table 1 were 
obtained. In the first four cases listed in 
the table we were dealing with early stages 
of glaucoma as was evidenced by the 
extent of the visual-field defects. Gonio- 
scopic examination of these cases revealed 
widely open angles without any appreci- 
able anomaly of the trabecular area, ex- 
cept for the presence of heavy pigment 
infiltration of the trabeculum in case 791. 
In the remaining seven cases the glaucoma 
was far advanced, as was evidenced by 
the visual-field defects. In all these cases 
there was pigment infiltration of the 
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trabeculum to a considerable degree. Ad- 


hesions between the iris and the most 
posterior portion of the trabeculum or the 
sclera immediately behind the trabeculum 


were present in the cases 1227, 1218, 1211, 


and 665. Upon aspiration of amounts 
varying from 0.05 to 0.1 c.c., some of 
the eyes behaved like nonglaucomatous 


TABLE 1 


OF CANAL OF SCHLEMM AFTER 
ASPIRATION OF AQUEOUS IN WIDE-ANGLE 


GLAUCOMA 
Drop in 
Case Intraocular Appearance 
No. Pressure of Canal 
(mm. Hg) 
Early Cases 
534 | 19to7 Typical 
791 | 18to6 Grossly segmented 
band 
572 | 26to4 Narrow, grossly seg- 
| 
mented band 
1226 | 31to19 No filling whatsoever 
21 to 13 No filling whatsoever 
29 to 13 Typical 
27 to9 Typical 
Advanced Cases 
1080 | 29to15 No filling whatsoever 
30 to7 Typical 
1227 | 40to6 Typical 
1216 | 35tolessthan 4| Opaque trabeculum, 
some filling of canal 
21 tolessthan4| Opaque trabeculum, 
some filling of canal 
1218 | 42to10 No filling whatsoever 
28 to 4 No filling whatsoever 
513 | 23to11 Grossly segmented 
band 
23 to 6 Grossly segmented 
band 
36 to 11 No filling whatsoever 
1211 | 28to7 Grossly segmented 
| band 
665 35 to less than 4 | No filling whatsoever 


ones in that they showed the typical phe- 
nomenon. In others no filling of the canal 
whatsoever occurred, so that we had to 
resort to aspirations of about one half 
of the chamber contents, whereby the 
intraocular pressure was brought down to 
less than 10 mm. Under these conditions 
a few eyes showed typical filling, whereas 
others presented the phenomenon of a 
very irregular, grossly segmented band 
which reappeared in the same location 
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upon repeated aspiration. In one case 
(1216) the appearance of blood in the 
canal brought out very clearly an unusual 
state of decreased translucency of the 
entire trabeculum, which had not been 
recognized until blood had entered the 
canal, This appeared to be a true case of 
the “sclerosis” of the trabeculum, which 
has played a prominent part in the various 
concepts of the mechanism of wide-angle 
glaucoma. It is possible that the absence of 
“any filling whatsoever” in case 1218 was 
actually due to an extreme sclerosis of 
the trabeculum which completely con- 
cealed the contents of the canal of 
Schlemm. 

In the cases of grossly segmented and 
irregular filling of the canal it seemed 
reasonably certain that the trabeculum 
was sufficiently transparent to permit 
visualization of the canal of Schlemm and 
that the segmentation could only mean 
incomplete filling of the canal. Thus in the 
eyes with wide-angle glaucoma three 
types of deviation from the behavior of 
the nonglaucomatous eyes were observed ; 
namely, (1) a negative response to very 
scant aspirations although the drop in 
intraocular pressure was of the same or 
greater magnitude than in nonglaucoma- 
tous eyes; (2) evidence of trabecular 
sclerosis; and (3) incomplete, irregular 
filling of the canal. 

Compression of the eyes of this group 
by means of the ophthalmodynamometer 
produced no measurable drop in intra- 
ocular pressure and did not draw blood 
into the canal. 


DISCUSSION 


It was to be expected that the fore- 
going data would shed light on the physi- 
ology of the canal of Schlemm. The au- 
thors are painfully aware that this light 
has, so far, been only a faint flicker. 
With regard to the induced phenome- 
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non, the behavior of the non 
eyes was very consistent. 
Pro- 
cedures that brought on the phenomenon 
partial anterior-chamber aspiration al 
compression of the globe, had in cOmmon 
a sudden slight drop in intraocular pres- 
sure. In the case of the partial anterior. 
chamber aspirations this drop was Primary 
and not preceded by any maneuver tha 
might have influenced the phenomenon, In 
the case of the compressions, lowering of 
the intraocular pressure was preceded by 
a marked rise in intraocular pressure 
While this rise occurred in every case, the 
subsequent fall varied considerably in ip. 
tensity. The phenomenon occurred im. 
mediately after the drop in intraocular 
pressure took place and only if this drop 
was of a certain magnitude. Thus it seems 
reasonably certain that the occurrence of 
of the phenomenon is dependent largely 
upon a sudden drop in intraocular pres- 
sure, irrespective of how this drop has 
been brought about. During the disap- 
pearance of the phenomenon again there 
was a striking dependence upon the in- 
traocular pressure. Whether or not this 
is purely a mechanical relationship or 
whether any nervous processes are in- 
volved it is impossible to state. 

The mechanism of the spontaneous 
phenomenon may also be that of an acute 
drop in intraocular pressure, brought on 
either by the patient’s squeezing his eyes | 
or by more complicated internal mecha- 
nisms. The squeezing may have been in- 
duced by the stretching of the lids entailed 


in the insertion of the contact lens. 

In the light of our finding that a spon- | 
taneous phenomenon fades out if pressure | 
is exerted upon the eye through the con- 
tact lens, it seems unlikely although not 
entirely impossible that the mere resting 
of the lens upon the globe should cause the 
appearance of blood in the canal, as has 
generally been thought. 
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STUDY OF SCHLEMM’S CANAL 


With regard to the origin of the blood 
our results are inconclusive. Frieden- 
wald’s afferent arterioles or the collector 
channels or both, could serve as inlets 
for the blood. The color of the blood in 
the canal suggests an arterial origin. We 
were, however, not able to prove this by 
spectroscopic or other methods. The fact 
that the phenomenon is not influenced by 
the administration of neosynephrin seems 
to argue against an arterial origin of the 
blood. 

A study of the way in which the blood 
enters the canal promised to give clues 
with regard to its origin. Only in the 
compression series was it actually possible 
to watch the angle during every phase of 
the procedure. There we observed, in 
some nonglaucomatous eyes, instantaneous 
filling of the entire canal the very moment 
the compression ceased. Since it is gen- 
erally believed that during compression 
of the globe aqueous and venous blood are 
expelled from the eye, the collector chan- 
nels should contain no blood at the end 
of the compression. The prompt filling of 
the canal at that moment is therefore more 
likely to be of arterial than of venous 
origin. Unfortunately, the rapidity of the 
filling was not uniform; in some cases up 
to one minute was required for complete 
filling. In these cases venous backflow 
may have been the basis of the phenome- 
non. 

Thus, at this time, we are not able to 
make definite nor general statements 
about the origin of the blood in the canal. 
Further studies with new methods may 
show that the blood actually comes from 
either or both sources. 

There probably is a relationship be- 
tween Sondermann’s inner canals and the 
delicate blood-filled canals extending 
through the trabeculum and ending with a 
definite pore which we have observed in 
20 percent of the nonglaucomatous eyes. 
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These canals may represent exceptionally 
large “inner canals” of Sondermann. The 
fact that leakage of blood into the anterior 
chamber may occur through these canals 
after aspiration of aqueous or severe and 
prolonged compression of the globe 
should not be construed as evidence for 
the view that under normal conditions 
open communications exist between the 
canal of Schlemm and the anterior cham- 
ber. The walls of the inner canals, when 
seen under the microscope, are so delicate 
that they could easily break or tear dur- 
ing procedures like aspiration of aqueous 
or compression of the globe. 

In wide-angle glaucoma the authors 
believe to have found atypical filling phe- 
nomena associated with a lowering of the 
intraocular pressure that in nonglau- 
comatous eyes was followed by the ap- 
pearance of the typical phenomenon. The 
atypical phenomena were on the order of 
sclerosis of the trabeculum or of “re- 
luctance” of the canal to become filled 
with blood. The latter may, upon further 
study, prove to be a gonioscopic mani- 
festation of the sclerotic occlusion of the 
afferent arterioles which Friedenwald® has 
suggested as a possible cause of glaucoma. 
The incomplete filling may, on the other 
hand, be a sign of a functional or innerva- 
tional anomaly of the vascular system in 
glaucomatous eyes. The incomplete and 
atypical filling appears to have been found 
with sufficient consistency to warrant its 
consideration in the theories on the mech- 
anism of wide-angle glaucoma. 


CONCLUSIONS 


1. Following a sudden lowering of the 
intraocular pressure induced by aspiration 
of aqueous or compression of the globe 
by means of an ophthalmodynamometer, 
the canal of Schlemm becomes gonio- 
scopically visible in nonglaucomatous 
eyes, blood taking the place of the usual 
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colorless contents. 

2. Pressure exerted upon the eyeball 
by the contact lens is not conducive to 
eliciting this phenomenon but rather to 
effacing it. 

3. Eyes affected with wide-angle glau- 


coma show the filling of Schlemm’s Canal 
either in an atypical form or after greater 
drops in intraocular pressure than are re 
quired to induce the phenomenon in nop, 
glaucomatous eyes, or they fail to show 
it altogether. 
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DISCUSSION 


Dr. Manuet U. Troncoso (New 
York City) : I had great pleasure in hear- 
ing Dr. Kronfeld’s interesting paper. I 
think that gonioscopy is not only an im- 
portant method of clinical examination of 
the angle of the anterior chamber, but 
also has been instrumental in promoting 
the study of and the research in the struc- 
tures of the angle. 

Dr. Kronfeld’s paper should be con- 
sidered in two ways: from the physiologic 
standpoint and from the pathologic stand- 
point. I am very glad that his observa- 
tions confirmed what I said this morning 
about the normal aqueous content of 
Schlemm’s canal, and also that only under 
abnormal conditions of increased venous 
pressure does the canal fill up with blood. 
But he goes a step further, and has been 
able to trace small pores or apertures in 
the trabeculum over Schlemm’s canal 
with leakage of blood into the anterior 
chamber. That is very interesting, because 
it may bring us back to the old conception 
that the inner wall of Schlemm’s canal is 
not a continuous membrane, but has some 
stomata or apertures through which aque- 
ous dribbles into the lumen. His ob- 


servations to date do not show, however 
if these apertures are preformed chan- 
nels or are simply due to ruptures of the 
endothelial inner wall by increased pres- 
sure of the blood filling the canal. He has 
found these apertures associated with 
leakage of blood in only 20 percent of his 
cases. New gonioscopic examinations are 
necessary to decide this important point 
in normal eyes and at different periods of 
life. 

From the second point of view, from 
the pathologic standpoint, Dr. Kronfeld’s 
paper is very interesting because it gives 


us the way of finding out if Schlemm’s 


canal is closed in glaucoma or not. We 
know that in primary congestive acute 
and subacute glaucoma the angle is almost 
always closed by synechia, partial or total, 


Therefore in this kind of glaucoma there | 


would not be any opportunity to find out 
the condition of the canal by the method 
of Dr. Kronfeld, because it is covered by 
the synechia, at least partially. But, on the 
other hand, in those glaucomas that he 
calls wide-angle glaucoma, and we know 
as chronic simple glaucoma, in which 
there are usually no synechias, we may be 
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able, by puncturing the anterior chamber 
or lowering the pressure of the eye, to 
gnd out if the canal fills up with blood 
partially or totally and so decide if it is 
still open or if it is partially or entirely 
closed. It seems to me that the method is 
not difficult when the Kukan instrument is 
used. Even by puncturing the anterior 
chamber it may not be dangerous, as only 
a small amount of fluid is removed before 
making the second gonioscopy. Dr. Kron- 
feld advances the explanation that in 
some cases where blood was not visible in 
the canal after puncture this was due to 
extreme sclerosis of the trabeculum, 
which concealed the contents of the canal. 
To my mind this is still hypothetic and a 
comparative study of the translucency of 
the trabeculum in normal eyes has to be 
undertaken before reaching any conclu- 
sions. 

This new avenue for research into the 
physiology of the liquid outflow of the 
eye is of considerable importance and 
may be conducive to new experimental 
results. The same is true of pathologic 
conditions, especially of simple glaucoma. 

Dr. JONAS FRIEDENWALD (Baltimore, 
Md.) : I should like to report in this con- 
nection on some experiments which have 
been performed by Dr. Sholz and myself, 
in which we tried to throw some light on 
the presence or absence of blood in the 
Schlemm canal of animals under normal 
conditions. 

We used cats, dogs, rabbits, and guinea 
pigs, and in order to avoid the possible 
loss of blood from the canal during the 
process of enucleation and fixation, we 
froze the eyes of the animals with liquid 
air without any previous local manipula- 
tion. The front segment of the eye was 
then sawed off in the frozen state and fixed 
by placing it in alcohol at temperatures 
far below zero. The sections, then, re- 
vealed plasma and some red blood cells 
in the vessels which formed the base of 
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the sclerocorneal trabeculum. 

In a number of animals we did 
anterior-chamber punctures before the 
freezing manipulation, and, under those 
circumstances, regularly found these ves- 
sels filled with blood. 

These experiments, I think, have a 
bearing on and completely support Dr. 
Kronfeld’s findings, and they also sug- 
gest that the anatomic differences which 
Dr. Troncoso described this morning be- 
tween the lower animals and the primates 
have functional significance than 
might be attributed to the variation in 
anatomic structure. 

I should like to ask Dr. Kronfeld, also, 
whether he has done repeated punctures 
on some of these cases which show the 
bleeding phenomena, after a_ sufficient 
interval so that any mechanically ruptured 
pores might have had an opportunity to 
heal up? I think that such experiments 
might throw some light on whether these 
anatomic 


less 


pores are normally 
structures or whether they are merely the 
result of rupture from the mechanical 
manipulation. 

Dr. K. W. AscHeErR (Cincinnati, 
Ohio) : There are so many valuable facts 
in Dr. Kronfeld’s paper that every sec- 
tion warrants detailed discussion. I should 
like to mention only a few points, and 
would ask Dr. Kronfeld to have projected 
once more his slide showing Salzmann’s 
picture of the canal of Schlemm. Then I 
should like to project my slide demon- 
strating the aqueous veins. (Slide) 

Let me draw your attention to the fact 
that in the canal of Schlemm the distribu- 
tion of blood is apparently similar to the 
distribution of blood in aqueous veins. 
When you look at Salzmann’s picture 
showing the canal of Schlemm, a question 
arises as to whether the border of the 
bloodstream is really coincident with that 
of the canal itself. I suppose that the 
canal of Schlemm reaches up to here 
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(indicating) and that this whole feature 
might be the canal filled half with blood 
and half with aqueous humor, similar to 
what has been observed in aqueous veins. 

I am very glad to find confirmation of 
this opinion in an observation by Dr. 
Kronfeld, when he stated that in certain 
cases the ratio of blood-aqueous in the 
canal changes: It may be one third, if I 
recall correctly, or one half, or even less 
than one third in glaucomatous eyes. 
This would mean that the blood level in 
the canal of Schlemm may change and 
that what we see is this: both clear and 
sanguineous streams in the same chan- 
nel. This is the canal of Schlemm. 

Now may I have my slide projected to 
show the analogy? In aqueous veins the 
distribution of blood and aqueous humor 
is not always the same. There is not al- 
wafs the stratification visible that appears 
in this slide, but if the stratification is 
visible, we may observe changes in the 
ratio of blood-aqueous in the aqueous 
veins also. 

This is the aqueous vein (indicating). 
Here clear fluid comes out of the deep 
limbal region, and here it is added to the 
blood that is present in the recipient vein. 
The stratification is not dependent on 
gravity; for here you see, for instance, 
blood in the upper and aqueous in the 
lower half of the same vein. In other 
words, I wish to draw your attention to 
this analogy. I think we have to consider 
the physiologic unity of this whole sys- 
tem of the canal of Schlemm with the 
so-called collectors and the aqueous veins. 
In the canal of Schlemm, in the so-called 
collectors, and in aqueous veins blood and 
aqueous humor are present alone or to- 
gether, in separate streams or mixed. 

One word about the color of the blood 
seen by Dr. Kronfeld in Schlemm’s canal. 
I think the fact that the blood appears to 
be bright does not attest to its arterial 
origin. In the conjunctiva you see blood 
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of a very bright color in vessels which ap. 
pear to be veins according to the direction 
of flow, but that does not mean that al 
these vessels with bright-red blood are 
arteries. It might be due to something in 
connection with the arterialization of this 
blood through the conjunctival epithelium 
and connective tissue. At any rate, the 
presence of bright-red blood in the cang 
of Schlemm does not indicate the Origin 
of the blood; it is quite possible that it 
comes from the afferent arterioles, but jt 
would be of a similar or the same colo; 
if it were derived from the limbal venoys 
meshwork. 

Dr. FREDERICK H. VERHOEFF (Boston, 
Mass.): I should like to ask Dr. Krop- 
feld whether the patients knew that these 
were experiments in the interest of s¢- 
ence and that there was a certain risk 
connected with the experiment. A good 
many of the eyes that he operated on ap- 
parently were normal. 

I should also like to ask him whether 
he has had one of these experiments per- 
formed upon his own eyes. 

Dr. PETER C. KRONFELD: I greatly ap- 
preciate Dr. Troncoso’s remarks. I would 
like to state again that in some of our 
cases the presence of leakage from the 
canal into the trabeculum and from there 
into the anterior chamber should not be 
construed as evidence of preéxisting open 
connections between the canal of Schlemm 
and the anterior chamber. After the com- 
pression experiments the leakage oc- 
curred only if the intraocular pressure 
during the compression had been very 
high. After partial anterior-chamber 
aspirations, the leakage occurred very in- 
frequently, certainly in less than 20 per- 
cent. After complete anterior-chamber 
aspirations, the leakage occurred in ap- 
proximately 20 percent, which would 
seem to indicate that the leakage occurs 
more often if the actual trauma to the 
eye is greater. I would be inclined to 
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think that a very delicate wall separates — 


the canal of Schlemm from the anterior 
chamber, and that this delicate wall may 
break down under the influence of trau- 
mas. The greater the trauma, the greater 
is the likelihood of a breakdown. 

It is true that any method that brings 
on the phenomenon of filling of the canal 
with blood can be used to determine 
whether the canal of Schlemm is present 
in a given eye. Otto Barkan (Amer. Jour. 
Ophth., 1942, v. 25, May, p. 552) observed 
the spontaneous filling phenomenon in 
three cases of hydrophthalmos and con- 
cluded from those observations that the 
canal was actually present in these eyes. 

Dr. Friedenwald had informed us some 
time ago of his and Dr. Scholz’s finding 
of the filling of Schlemm’s canal with 
blood after anterior-chamber puncture in 
animals. With regard to his question 
whether we had repeated the anterior- 
chamber punctures on the same eye at 
sufficiently long intervals between the 
two punctures to permit restoration of 
normal conditions, the longest interval 
that we have allowed to elapse between 
two punctures was six weeks. 

With regard to Dr. Ascher’s remark, 
his idea that the pictures which we 
showed here may represent stratification, 
that the entire canal may not have been 
filled with blood, but that there may have 
been a lower layer of blood and an upper 
layer of aqueous, is interesting, and I 
hadn’t thought of that possibility. If the 
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phenomenon of the canal becoming filled 
with blood immediately after compres- 
sion is watched closely one sees the blood 
rush or gush into the canal. It would be 
difficult to conceive that under these con- 
ditions only a portion of the canal should 
become filled. The width of the area that 
becomes filled under those conditions is 
the same as that after partial anterior- 
chamber aspiration. On the basis of these 
observations, I am inclined to think that 
the pictures shown here represent com- 
plete filling of the canal, and not strati- 
fication. 

With regard to Dr. Verhoeff’s ques- 
tions, the eyes on which these studies 
were made were not normal. As I stated 
in the paper, the clinical conditions were 
those of amblyopia, senile cataract, senile 
macular degenerations, and optic atro- 
phies, and the patients were told that this 
was an experimental procedure which 
might for short periods improve the blood 
circulation to the eye. 

With regard to Dr. Verhoeff’s question 
whether any of the authors of this paper 
had ever undergone the procedure, two 
of the authors had the procedure of com- 
pression of the eyeball performed on their 
own eyes just to find out how it felt. 
However, gonioscopic observations were 
not made. 

Dr. VERHOEFF: Including the puncture 
of the anterior chamber that you talked 
about ? 

Dr. Kronretp: No. 
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THE AQUEOUS VEINS* 
I. PHYSIOLOGIC IMPORTANCE OF THE VISIBLE ELIMINATION OF INTRAOCULAR FLUID 


K. W. Ascue_r, M.D. 


Cincinnati, Ohio 


PREHISTORY OF THE AQUEOUS VEINS 


Histologically demonstrable connec- 
tions between the canal of Schlemm and 
the episcleral venous meshwork were 
mentioned by Leber’ as early as 1903. 
According to Troncoso,?* Thomson Hen- 
derson® was the first to count the minute 
vessels connecting the intrascleral plexus 
of normal human eyes with the epi- 
scleral plexus. About each millimeter of 
the limbal circumference was found to 
contain one of these perforating branches. 
Considering the fact that Schlemm’s canal 
is connected with the intrascleral mesh- 
work by 20 to 30 outlets, these “perforat- 
ing branches” are indirect connections be- 
tween Schlemm’s canal and the episcleral 
venous meshwork. The presence of in- 
traocular fluid in such connections as 
well as in episcleral and conjunctival ves- 
sels has not hitherto been observed. These 
visible connections have been called aque- 
ous veins. 

The prehistory of the aqueous veins 
is so extensive and the questions in- 
volved and the problems discussed are 
so numerous that they cannot be reviewed 
in this paper. It is coincident with all ob- 
servations, experiments, and considera- 
tions pertaining to the elimination of fluid 
from the human eye. 

The miraculous structures charged with 
the nutrition of the eye have many quali- 
ties in common throughout the whole 
animal kingdom, and observations on ani- 


*From the Department of Ophthalmology, 
College of Medicine, University of Cincinnati, 
Dr. Derrick Vail, director. Read at the thir- 
teenth scientific meeting of the Association for 
Research in Ophthalmology, Atlantic City, New 
Jersey, June 9, 1942. 


mal eyes may offer highly important solu. 
tions of single problems. The ultimate 
objective, however, is to understand the 
human eye and its particular behavior 
in fluid elimination. For this Purpose, 
only observations made on the living 
human eye can be considered decisive fo; 
the solution of the pending questions and 
for the understanding of pathologic con. 
ditions of the human eye. On the other 
hand, observations on the human eye 
should be compared with those observed 
in animal eyes as well as organs other 
than the eye. By this means a clearer 
comprehension will be attained of the 
apparently unique phenomena presented 
by aqueous veins. 

Three groups of convincing experi- 
ments were performed before aqueous 
veins were recognized, all of them sub- 
ject to criticism because they were per- 
formed on animal eyes. However, since 
this animal experimentation was _per- 
formed on living and not on enucleated 
eyes, which have been the basis of nu- 
merous previous investigations, it is prob- 
able that these three groups approached 
as closely as possible the actual condi- 
tions before visible aqueous veins were 
finally detected. 


ANIMAL EXPERIMENTS PREDICTING THE 
PRESENCE OF AQUEOUS VEINS 

(1) In 1901 Lauber* published red-cell 
counts of blood taken from the anterior 
ciliary veins of the dog and from the 
paw of the same animal. While the blood 
from the paw contained 3.61 millions of 
red blood cells per cubic millimeter, that 
taken from the ciliary veins contained 


2.90, 3.14, 2.96, and 2.68 millions of red 
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blood cells, respectively. Lauber explained 
the difference between the blood count 
from the paw and from the ciliary veins 
on the basis of a dilution of the blood in 
the latter vessels produced by entrance of 
aqueous humor into the vessels surround- 
ing the sclerocorneal junction and empty- 
ing into the anterior ciliary veins. 

In spite of his meager material, Lau- 
ber’s conclusions seem to be convincing, 
for no other explanation of the afore- 
mentioned difference in the amount of red 
blood cells may be satisfactory. To my 
knowledge, similar investigations on hu- 
man eyes have not been performed. 

(2) Troncoso” observed the exit of a 
kind of clear fluid from the eyes of living 
rabbits under the following experimental 
circumstances: After cleansing and lo- 
cally anesthetizing the conjunctiva of a 
living rabbit fastened to an anatomic 
board, the conjunctiva was cut around the 
cornea and dissected back toward the 
equator. The globe was then slowly 
drawn out of the orbit and both lids 
were rolled inside between the orbit and 
the globe in order to maintain it in this 
position. The animal with the board was 
turned in such a way that the apex of 
the cornea became the lowest point of 
the eye, which then was made to pass 
through a hole in a rubber-dam sheet, 
to prevent a collection of liquids from 
conjunctiva or orbit. After the sclera was 
cleansed of all blood, the globe was im- 
mersed almost to the equator in a glass 
cup containing olive oil. Leakage of a 
clear fluid from the bulbus was observed. 
One-half to one hour later, the cen- 
trifugated oil yielded a relatively small 
blood clot and a large quantity of a clear 
fluid. Comparing the amount of that 
fluid and the size of the blood clot col- 
lected beneath the oil with the blood 
taken from the ear of the same animal, 
Troncoso estimated the proportion of 
blood and additional fluid collected during 


the experiment. The description of the 
appearance of this fluid is most interest- 
ing: Minute clear droplets collected 
around the cornea and could be removed 
with a small probe. Five to 10 minutes 
later new droplets appeared along the 
limbus which, in some _ experiments, 
finally seemed to be surrounded by a 
pearl necklace. Assuming the additional 
fluid to be aqueous humor, Troncoso cal- 
culated that the output of aqueous humor 
was 3.5 to 4.8 c.mm. per minute. To in- 
sure greater accuracy in his experiments, 
Troncoso- proceeded to occlude the leak- 
ing anterior ciliary veins by thermo- 
cautery, so that eventually only the 
minute vascular branches perforating the 
limbal tissue were left. With this pre- 
caution he found the amount of the fluid 
eliminated during one minute to be 
2.1 c.mm. 

Aside from the fact that here again 
animal eyes were used, two objections as 
to the experimental technique and the 
interpretation might be raised. The nor- 
mal relations of pressure and outflow 
might have been considerably changed 
by the luxation of the bulbus, by its in- 
troduction into the rubber-dam sheet, by 
dissecting the conjunctiva, and by ex- 
posing the sclera. Troncoso** claimed that 
after a few days the experimental eyes 
appeared to be normal again, This fact, 
however, does not prove the presence of 
normal-pressure conditions in the eye and 
in its vessels during the experiment. An- 
other objection pertains to the omitted 
evaluation or estimation of the protein 
content of the fluid collected beneath the 
oil. If there were a considerable addition 
of aqueous humor to the fluid leaking 
from the extensive wound, the protein 
content of the whole fluid should have 
been lower than that of blood plasma. 
On the other hand, the manipulations of 
the rabbit’s eye, as aforedescribed, might 
have increased the protein content of 
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the aqueous humor, although not up to 
the ratio present in the blood plasma. It 
is well known that rabbits’ eyes react 
rapidly to any injury with a marked in- 
crease of the aqueous protein. It is not 
justifiable to suppose that all fluid not 
corresponding in amount to the blood clot 
was aqueous humor. The large wound of 
the conjunctiva and the extensively de- 
nuded scleral surface might have induced 
profuse secretion. In the position of the 
eye, with the cornea directed downward, 
the rim of the dissected conjunctiva could 
in*the manner described have collected 
droplets coming from this wound as they 
would from any other wound. However, 
the amount of outflowing aqueous humor 
calculated by Troncoso approximates 
very closely the figures that Friedenwald 
and Pierce® obtained, using a quite dif- 
ferent method of estimation, for the in- 
tact human eye. 

(3) Numerous experiments with in- 
jection of dyes and of finest corpuscular 
elements, as for example, India ink or 
cinnabar, were performed during the sec- 
ond half of the nineteenth century as well 
as in our century. These experiments have 
been described and minutely discussed in 
the monographs of Leber,’ of Weiss,® 
of Hamburger,” and of Duke-Elder.®* 
The entrance of colored solutions or of 
suspensions of finest corpuscular elements 
into the anterior ciliary veins has often 
been observed following their injection 
into the anterior chamber of enucleated’ 
or of living animal eyes. Using all pos- 
sible precautions, and especially avoiding 
exaggerated pressure, Seidel observed the 
entrance of indigo carmine or certain 
kinds of India ink into the episcleral 
vessels even before the original intra- 
ocular pressure was reached. But even 
this method could be accused of destroy- 
ing the natural separating barriers either 
during the injection or during the pre- 
liminary aspiration of aqueous humor. 
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Some of the experiments of Seidel 
should be described here for their Strik 
resemblance to observations of aque 
veins in the human eye. 
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_ The anterior chamber of an anesthetized Tab. 
bit was carefully emptied by aspiration anj 
through the same canula, molecularly dispersed 
l-percent indigo-carmine solution was intro. 
duced into the chamber, by means of infusion 
apparatus with variable pressure, and observa. 
tions were made with a binocular Microscope. 
When the pressure in the infusion apparatus 
which simultaneously served as a manometer. 
was 25 mm. Hg, the episcleral veins were seen 
to turn blue as quickly as in 5 to 10 seconds 
after the experiment began. Under a Pressure 
of 20 mm. Hg, the blue color appeared 15 to 
20 seconds later. Under a pressure of 15 mm, 
Hg, a distinctly blue color was found only 
in the smallest episcleral vessels, whereas the 
larger vessels showed but a mixture of their 
red blood color and the blue of the infused 
indigo carmine. At this low pressure, it took 
two to three minutes’ time before the change 
in color became evident. The vorticose veins 
did not change their color in any of these ex- 
periments. This means that even at a pressure 
certainly not exceeding the normal intraocular 
pressure of the rabbit no dye was eliminated by 
the iris vessels that empty into the vorticose 
veins. The dye was eliminated by the anterior 
ciliary veins into which the limbal meshwork 
empties. When the pressure in the infusion 
manometer was reduced below 15 mm. Hg, the 
blue color disappeared first from the larger and 
then from the smaller episcleral veins, and by 
means of the binocular microscope it was pos- 
sible to follow the retreat of the stained blue 
column and the simultaneous advance of nor- 
mally colored blood. During the infusion a 
stream of blue fluid could be seen only where 
blood vessels had previously been observed, 
indicating that no artificial channels had been 
formed by the manometer infusion. When Ind'a 
ink was used for infusion, the dark color be- 
came visible first in the axial stream of the 
larger vessels while the red color was preserved 
in the periphery of the blood column. This latter 
observation is an interesting analogue to the 
stratification sometimes observed in aqueous 
veins. When colloidal (pelikan*) ink was used, 
the black color appeared about 15 seconds after 
the infusion started; with equal manometric 
pressure, this black color began to disappear 
two or three minutes later, and the vessel con- 
tent became red again after an infusion period 
of five minutes had elapsed. The explanation of 
this phenomenon is to be found in the unequal 


size of the colloidal particles of the ink, the 


* Trade name of a certain kind of India ink. 
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so-called polydispersity. Due to this quality the 
smallest particles could pass into Schlemm’s 
canal while the larger particles gradually blocked 
the ultramicroscopically small openings of the 
endothelial barrier. In these rabbits glaucoma 
was present 24 hours after the ink-infusion 
yas initiated. During the following 


procedure V 
weeks, an increase of the glaucomatous signs 
was observed. In view of the fact that freshly 
prepared electrocollargol solution not only en- 
ters the episcleral veins but also spreads into 
the surrounding tissue, Seidel estimated the 


diameter of the ultramicroscopic endothelial 


Figs. 1 and 2 (Ascher). After 
compression of the recipient, 
vessel red blood cells enter the 
aqueous vein, 

Fig. 1. Joe H., white, aged 
35 years. Right eye: At the 7- 
o'clock position, near the limbus, 
an aqueous vein joins a large 
conjunctival vein as detected by 
stratified current. The origin of 
the aqueous vein is just in the 
limbus, the tip of the U lying 
in the border between scleral oo 
ribbon and clear corneal tissue. 


sue near the chamber angle. Seidel believed that 
the motive power is the hydrostatic difference 
between the anterior chamber and the veins and 
that the vessel walls act as an ultrafilter. 


Although here again animal eyes were 
investigated and although minute damage 
to the histologic structures in question is 
not absolutely excluded, similarities to 
observations concerning stratification and 
the dividing line between clear and san- 


Fig. 2. This sketch shows the appearance after compression of the recipient vessel. Note 
arrows indicating the blood current. Stratification disappeared after compression, and blood 
corpuscles entered the aqueous vein in a direction opposite to that of the previous aqueous flow. 


gaps to be between 20 and 10 millimicra, or 
about a thousand times smaller than one hu- 
man red blood corpuscle. 

On histologic study the eyes of Seidel’s ex- 
perimental animals showed the presence of 
India ink in the anterior ciliary veins, in the 
intrascleral, and in the episcleral veins, whereas 
none was found in either the iridic or the vorti- 
cose veins. The essential condition for the 
demonstration of India ink, and in a similar 
way of indigo carmine, in ciliary, intrascleral, 
and episcleral veins is enucleation of the animal 
eyes in about two minutes after the infusion be- 
gins. If enucleation is performed later the slides 
are not clear. When irrigation with indigo car- 
mine was continued for more than 7 minutes 
the blue color of the episcleral vessels once 
more disappeared and 10 minutes after the be- 
ginning of the infusion the color was as be- 
fore the experiment began. The explanation is 
that at this time reactive hypertension was 
present in the rabbit’s eye. The protein content 
of the aqueous was increased, thus impeding 
the elimination of the dye. 

Summarizing his experiments Seidel deduced 
the following law: Given physiologic intraocular 
pressure, a continuous outflow of fluid takes 
place from the anterior chamber of the living 
animal into the veins situated in the scleral tis- 


guineous phases in human aqueous veins 
are obvious. The question as to the efficacy 
of merely hydrostatic pressure will not 
be discussed here. 


HISTORY OF THE AQUEOUS VEINS 


On May 21, 1941, in the eye of an 
Alabama miner, aged 35 years, an aque- 
ous vein was for the first time detected 
and recognized to be a physiologic con- 
nection between the canal of Schlemm 
or the venous meshwork surrounding it, 
and the episcleral venous meshwork. 

A large colorless loop (fig. 1) was seen 
in the corneoscleral junction emerging 
from the deep layers of the sclera and 
bending upward to join a large conjunc- 
tival vein. In this recipient vessel, a 
stratified current was visible; the upper 
third of the vessel contained clear fluid 
mixed with a very few red blood cells, 
running from the limbus and paralleling 
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the vessel wall. This clear stratum started 
just at the entrance of the colorless loop. 
The lower two thirds of the recipient 
vein were filled with blood of normal 
color. 

On the same day, the influence of clos- 
ing and opening of the lids, of light and 
darkness, and of slight pressure on the 
recipient vessel were observed. 

In this case, compression of the re- 
cipient vessel destroyed the regular 


stratification of the two separated phases, 
consisting of blood in the lower, and of 
clear fluid in the upper part of the vessel. 
Red corpuscles very rapidly entered the 


the Cincinnati Eye Clinic the Presence 
and qualities of aqueous veins in glau- 
comatous eyes have been investigated, 
These observations are far from complete. 

The detection of aqueous veins has 
given obvious confirmation to the fact that 
from the intact, living, human eye there 
is a continuous exit of fluid consisting, 
at least partially, of aqueous humor, Con. 
tinuous formation of intraocular fluid is 
postulated, at least to a degree covering 
the amount leaving the eye by the aque. 
ous veins. 

The discovery of the aqueous veins has 
been delayed because all observers had 


Figs. 3 and 4 (Ascher). 
Glass-rod phenomenon: After 
compression of the recipient 
vessel, clear fluid enters the re- 
cipient vessel. 

Fig. 3. Hazel R., white, aged 
36 years. Kight eye: An aque- 
ous vein emerges out of a 
scleral emissarium and_ bends 
upward to join the recipient 
vessel; here, stratified current 
is visible. 


Fig. 4. After compression of the recipient vessel, clear fluid enters the blocked section and in 
a reversal of current direction, expels all blood corpuscles out of the recipient vessel. Note arrows, 


formerly clear loop and filled the whole 
vessel with a uniformly colored fluid. 
Some seconds after release of the pressure 
on the recipient vessel the same picture 
reappeared that was seen before pres- 
sure was applied (figs. 1, 2). 

Since then aqueous veins have been ob- 
served in numerous patients. In some, 
compression of the recipient vessel pro- 
duced a phenomenon opposite to that 
described above; namely, entrance of 
clear fluid into the blocked section of the 
recipient vessel. To this observation the 
term glass-rod phenomenon was applied 
(figs. 3, 4). 

Occurrence, appearance, response to 
different physical and pharmacologic 


agents of the aqueous veins were investi- 
gated in the subsequent weeks, and in 


been contented by the explanation that, in 
the pericorneal region, the direction of 
blood current is frequently seen to change, 
that vessels very often “contract” and 
show a granular stream of corpuscles, or 
are frequently entirely empty. The pres- 
ence of “empty” capillaries in this region 
has been mentioned since the early days 
of slitlamp microscopy. Not enough at- 
tention was paid to a discrimination be- 
tween lack of visible red cells and absence 
of any content in the vessel. Convinced 
that the vessels can contain either blood 
or nothing, the observers believed the 
absence of red blood corpuscles to be a 
proof of complete emptiness. For the 
capillaries of the skin, Bordley and his 
collaborators’® emphasized the fact that 
absence of red cells does not necessarily 
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signify a collapse of the capillary ; the 
same is true of the vessels in the peri- 
corneal region. Here, the apparent arbi- 
trariness of the distribution over the 
meshwork of vessel-sections filled with 
red corpuscles and sections partially filled 
or apparently empty will disappear when 
a sketch of the region under observation 
is made, indicating by numbers or letters 
the single vascular section and recording 
for longer periods the condition of the 
individual sections. By this method of 
observation, a survey of what really 
happens will be obtained, and the apparent 
irregularity will give way to the evidence 
of one main direction of fluid elimination 
with the possibility of occasional shuttling 
detours. 

One might object to the proposal of a 
particular term for vessels that have been 
known for decades. It is the possibility of 
observing and differentiating them from 
other conjunctival veins that justifies us 
in discriminating between regular veins 
and aqueous veins. Were there an alter- 
nating appearance of clear fluid all over 
the pericorneal veins no more could be 
said than that they sometimes may con- 
tain a clear fluid, probably aqueous hu- 
‘mor. The presence, however, of one or 
a few individual vessels charged with a 
continuous, or intermittent, elimination 
of aqueous humor justifies the use of a 
special term for these vessels. 


HISTOLOGIC SUBSTRATA OF ELIMINATION 
OF THE INTRAOCULAR FLUID 


Leber’s classic theory located the exit of 
intraocular fluid into the chamber angle, 
the canal of Schlemm, and the surround- 
ing venous meshwork. An opposite view 
promulgated by Magitot,1** Hamburger,” 
O. Weiss,® F. P. Fischer,’?* and others 
maintained that there is little or no defi- 
nite circulation of the aqueous humor but 
that a general metabolic exchange takes 
place throughout the tissues of the eye. 


In any capillary loop, the movement of 
fluid out of or into the vessel has been 
found to depend on three main factors; 
namely, (1) intracapillary hydrostatic 
pressure, (2) the relative colloid-osmotic 
pressures of the blood plasma and the 
tissue fluid, and (3) qualities of the vessel 
wall. This last factor is a more passive 
one under physiologic circumstances. 
Water and particles (ions) of small size 
pass freely whereas larger molecules 
(protein, for example) are not permitted 
to pass. The capillary hydrostatic pressure 
and the colloid-osmotic pressure of the 
blood plasma are antagonistic: hydro- 
static pressure favors exit of fluid from 
the vessel whereas colloid-osmotic pres- 
sure of the vessel favors entrance of fluid 
into the vessel. From the arterial limb of 
the capillary loops, exit of fluid is fa- 
vored by the higher hydrostatic pressure, 
while in the venous limb endosmotic en- 
trance of fluid is to be expected. This 
kind of fluid exchange, however, may, and 
probably does, coexist with the fluid 
elimination by anatomically preformed 
gross channels. The amount of fluid 
eliminated by action of the capillaries 
seems to be even larger than that which 
leaves the eye by preéxistent gross chan- 
nels. In a recent paper, Kinsey, Grant, 
and Cogan" concluded from experiments 
with deuterium oxide as a tracer that the 
whole flow of water through the eye is 
about 50 times higher than the value 
assumed for the output of Schlemm’s 
canal in the human eye. 

At this point, the microanatomy of the 
vessels that leave Schlemm’s canal should 
be briefly reviewed in order to facilitate 
a comparison between biomicroscopic and 
histologic findings. For this purpose I 
should like to quote Friedenwald,* whose 
description summarizes the investigations 
of Leber, Lauber, Thomson Henderson, 
Maggiore, Dvorak-Theobald, and his own 
results. 
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Friedenwald states that efferent venules 
of Schlemm’s canal, upwards of 20 in 
number, connect the canal with the intra- 
scleral venous plexus. The latter lies about 
midway in the thickness of the corneo- 
scleral-tissue junction. The endothelium 
lining these venules lies directly upon the 
fibers of the surrounding stroma with no 
intervening adventitial coat. As a rule 
they are greatly flattened so that a cross 
section of such a venule may suggest the 
presence of an oblique longitudinal sec- 
tion, and their spatiality can be accurately 
studied only in serial sections. These 
venules reach their destination in the intra- 
scleral venous plexus by a course that is 
sometimes straight but often rather 
tortuous ; occasionally they send a branch 
to the episcleral vessels at the limbus. 

I believe that these latter “occasional 
branches” are to be considered as the 
anatomic substrata of at least a great 
many if not all of the aqueous veins. 

One might ask whether, or how far, the 
equalization of aqueous veins with these 
outlets of Schlemm’s canal is justified. 
Schlemm’s canal is assumed to be present 
in every normal human eye and conse- 
quently its outlets joining the intrascleral 
meshwork and the connections of the 
latter with the episcleral meshwork are 
expected also to be present in every nor- 
mal human eye. In apparent opposition 
to that fact, aqueous veins are not demon- 
strable in every eye. 

The following consideration may eluci- 
date this discrepancy. Prolonged and 
repeated examination will reveal the pres- 
ence of aqueous veins in a higher per- 
centage than that stated in the preliminary 
study ; namely, 26 percent. Furthermore, 
fluid elimination takes place primarily by 
deeper and therefore biomicroscopically 
invisible intrascleral connections. Accord- 
ing to histologic investigations, branches 
to the episcleral vessels occur only occa- 
sionally. Even if situated superficially, 
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these connections may be no larger than 
capillaries and may escape attention, be. 
ing considered, in this case, as part of the 
perilimbal meshwork, which normally 
shows a changing content of red blood 
cells. Limpid gaps between groups of 
red blood cells passing through the minute 
vessels around the limbus are familiar , 
every student of slitlamp microscopy, It 
is not improbable that these limpid Zaps, 
sometimes rather extensive, have some. 
thing to do with fluid elimination, Els. 
where in the human body, capillaries shoy 
gaps free of red corpuscles. According to 
Bordley, Grow, and Sherman,?* these 
gaps in the capillaries of the skin are 
composed of transparent blood plasma anj 
are far more conspicuous in the minute 
vessels of the skin of the leg than they 
are in those of the nail fold, where clini- 
cal observations usually are made. 
But even in the skin of the leg, relatively 
long cell columns are seen passing through 
the capillaries and very short clear gaps 
separate these columns from one another, 
Among 175 eye patients ranging in age 
from 2 to 76 years and with many differ- 
ent diagnoses, Mielke’® found as few as 
two cases with visible gaps in the capil- 
laries of the nail folds. Only in rare in- 
stances did Bordley and his collaborators 
find clear gaps of longer extent. The 
limbal loops, on the contrary, show not 
only a granular current similar to the 
movement of particles passing through 
the neck of an hourglass but they often 
contain extensive clear gaps the frequency 
and length of which suggest that they are 
something other than those small and 
rare gaps observable in the capillaries of 
the skin. It is very probable that in some 
instances fluid leaving Schlemm’s canal 
may be mixed with the blood as far of 
as in the limbal capillaries. 

In the only case’ hitherto described, 
in which, thanks to a partial coloboma in 
the scleral limbal zone, the canal of 
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Schlemm seemed to be accessible to bio- 
microscopic inspection, its color was 
found to be darker than the surrounding 
tissue but not definitely red. Similarly, 
aqueous veins when free of red blood 
cells show a color darker than that of 
the surrounding scleral tissue. This is the 
rule for deeply situated aqueous veins, 
whereas under certain angles of illumina- 
tion superficial aqueous veins appear 
brighter than the surrounding conjunc- 
tival tissue. In the aforementioned case 
no connection between the deep struc- 
ture considered to be the canal of 
Schlemm, and the episcleral or conjunc- 
tival vessels was found (page 617 l.c.) 
although search was made for them. It is 
to be borne in mind, however, that in this 
case only about one sixth of the whole 
circular canal was uncovered by the limbal 
coloboma. 

Perhaps observation of similar cases 
will afford an opportunity to visualize a 
complete figure-eight or S-like outlet 
from Schlemm’s canal, as described by 
Maggiore’? and by other authors inter- 
ested in the histology of that region. In 
biomicroscopy usually not more than the 
final U-like arch of these outlets is visi- 
ble (fig. 5). 

Exceptionally, more than a U-like arch 
is visible and features similar to a figure 
6 can be observed. I think that this kind 
of origin justifies the identification of 
aqueous veins with outlets of Schlemm’s 
canal or with branches of these outlets. 

Whether histologic differences could be 
found between vessels recognized intra 
vitam to be aqueous veins and ordinary 
blood vessels of the pericorneal region is 
a question worth investigating. 


DEFINITION 


The term, aqueous veins, or, in Latin, 
vasa efferentia humorem aqueum, is pro- 
posed. Aqueous veins are biomicroscopi- 
cally visible pathways of blood-vessellike 
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appearance, containing a clear colorless 
fluid or diluted blood, and intercalated, 
probably via Schlemm’s canal, between 
intraocular fluid on one side, and con- 
junctival and subconjunctival veins on 
the other side. Anatomically, they are 
connected with, or outlets of, the intra- 
scleral meshwork.'© 


NOMENCLATURE 


The expression “outlets of Schlemm’s 
canal” was deliberately used in this dis- 


Fig. 5 (Ascher). Looplike 
origin of an aqueous vein. 
Thelma L. Sm., white, aged 26 
years, was seen on January 14, 
1942. Left eye: Near the lim- 
bus, at the 10-o’clock position, 
an aqueous vein was seen to 
originate forming a complete 
knot, similar to a figure 6. The 
initial line emerged from the 
deeper tissue. When, by com- 
pression of the recipient vessel, 
blood was forced back into the 
knot, this initial line seemed to 
extend farther into the tissue, 
due to the better visibility when 
filled with red blood cells. 


cussion and the term “collectors” or “col- 
lector trunks” was avoided for linguistic 
reasons. The latter term appears to have 
been used for the first time by Mag- 
giore,’™* although this author uses the 
expression “collettori’’ when quoting and 
describing the findings of Hovius from 
A.D. 1716. Later authors took over this 
term, which finally became generally used. 
Consulting dictionaries of the English 
language as well as of the Italian (Ox- 
ford, Webster, Funk, and the Italian 
dictionary of A. Hoare) I found that the 
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word collector or collettore never has 
been used for something that drains a 
filled container. The word means, ac- 
cording to all these sources, someone or 
something who or which collects but does 
not distribute. The expression probably 
was applied to the vessels emptying the 
canal of Schlemm because of a remote 
similarity between the distribution of 
these 20 to 30 vessels and that of wires 
coming from collecting brushes used on 
induction-electricity machines and on 
electric generators. These brushes really 
collect electricity from different points of 
the machine into a few main trunks. The 
outlets of Schlemm’s canal, however, do 
not collect fluid from numerous struc- 
tures into a few vessels, but they dis- 
tribute fluid from one large reservoir into 
the surrounding efferent meshwork. For 
this reason the expression outlet of 
Schlemm’s canal seems to be more suit- 


able. 


OccURRENCE 


The occurrence of aqueous. veins 
among patients of the Nutrition Clinic of 
Hillman Hospital, Birmingham, has been 
discussed in my preliminary note. During 
routine examination, aqueous veins were 
easily detected in more than 26.7 percent 
of ambulatory patients.’* 

Racial pigmentation in the eyes of 
Negroes may interfere with the inspec- 
tion of the region where aqueous veins 
originate. Otherwise there seem to be no 
differences between the eyes of white 
and of colored people as to the occur- 
rence of aqueous veins. 

There is a familial similarity in the lo- 
cation and appearance of aqueous veins: 
parents and children, brother and sister, 
sometimes show them in identical places, 
and a similarity in their appearance. 

Mrs. A. T., aged 42 years, had an 
aqueous vein in her right eye at the 3- 
o’clock position, in her left eye at the 
9-o’clock position; her son Earl, aged 
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15 years, showed them in his right eye at 
the 3:30-, and in his left eye at the &. 
o’clock position. Mrs. C. Ch., aged 22 
years, had large aqueous veins at 3 
o’clock in her right eye, and at 8 O'clock 
in her left eye; her daughter Charline, 1] 
years old, had the same features at the 
same location in her right eye, and in he; 
left eye at 8:30. Emma E., aged 11 years, 
had an easily observed aqueous vein jp 
her right eye at the 5-o’clock position, 
and her brother James, 7 years old, had 
it in the right eye at the same position, 

In the Eye Clinic, College of Medicine 
University of Cincinnati, numerous pa- 
tients with aqueous veins have been ob- 
served since the autumn of 1941. Here 
I shall only mention that in a case of 
bilateral corneal embryotoxon, large 
aqueous veins were found. It is interest- 
ing to note that in this case, the origin of 
the vein with the typical arch emerging 
from the deeper layers was situated just 
in the region where the limbus of the 
cornea normally would have been ex- 
pected. The abnormal corneal opacity, 
similar in appearance and color to the 
surrounding scleral tissue, overlapped 
the limbal region for 1 to 1% mm. In 
this case only the origin of these aqueous 
veins indicated the line which in normal 
eyes is made obvious by the transition 
between opaque and transparent tissues. 

In a family consisting of three children 
aged 8, 12, and 16 years, respectively, 
and each showing congenital cataracts 
and complete aniridia, no aqueous veins 
were seen. 

Noninflammatory changes in the an- 
terior segment of the eye do not interfere 
with the presence or appearance of aque- 
ous veins. In many cases of senile cata- 
ract, and in one case of corneal dystrophy, 
they were found to be present as in nor- 
mal eyes. 

In eyes with pathologic changes of the 
anterior segment, such as inflammations 
or hemorrhages, aqueous veins are not 
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time, some of the subconjunctival vessels 
had just begun to show the clear lines 
that frequently are seen bordering ves- 
sels situated in a region of blood effusion, 
and one archlike loop with a diameter 


equaling that of about 


DIAGNOSTI 


evident as in eyes with normal 
anterior segments. In a case of extensive 
subconjunctival hemorrhage, however, I 
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described by Coccius’® as early as 1852. 
He observed changes in the direction and 
occasional halting of the blood current, 
as well as agglomeration of the red blood 
corpuscles. He mentioned that the move- 
ment of corpuscles cannot be seen in well- 
filled vessels. Twelve years later, Don- 
ders’® studied the occasional reverses of 
the current in human conjunctival vessels. 
Bajardi®® stated that the current in the 
conjunctival capillaries is independent of 


ein as early as 10 
ve injury. At this 


four limbal capil- 


TABLE 1 
C CHARACTERISTICS OF AQUEOUS VEINS IN BIOMICROSCOPY 


Location 
Origin 


Course 
Color 


Stratification 
Length 
Width 
Emptying 


Compression phenomena 


In the subconjunctival or conjunctival tissue 

A) From the depth of the limbus, often with a U-like or figure-6-like arch: 
in about one half of all aqueous veins 

B) From of an emissarium of the sclera: in about one third , 

C) From limbal collaterals: in about one sixth of all aqueous veins 

Mostly straight except for the bend at the origin 

Paler than that of regular blood vessels; sometimes as clear as water; occa- 

sionally composed of strata of different shades 

Two, three, or more lines of differently tinted fluid are sometimes discern- 

ible. These lines parallel each other as well as the vessel wall 

From fractions of millimeters to one centimeter or slightly more. What 

appears to be a long aqueous vein is often a recipient vessel 

Between that of postcapillary conjunctival veins and that of larger con- 

junctival veins; that is, approximately, between 0.01 and 0.1 mm. 

Similar to that of a clear creek into a muddy river. Below the emptying, the 

aqueous and the sanguineous phase may continue to run in separated strata 

On compression of a recipient vessel, either depletion of blood corpuscles or 


retrograde entrance of blood takes place 


laries showed a definite lack of red blood 
corpuscles. 

Observations on glaucomatous eyes will 
be referred to later in this paper. 

Search for typical aqueous veins in 
the eyes of monkeys, dogs, and rabbits 
has not been successful up to this time. 
The number of: investigated animals, 
however, is not sufficient to make con- 
clusive deductions. 

The characteristics of aqueous veins 
are described in my preliminary report. 
Here a summarizing table may be added. 


VISIBILITY OF THE BLOOD CURRENT IN 
THE LIMBAL REGION 


The visibility of the blood current in 
the limbal region of the human eyes was 


the heart action, and he, too, studied the 
occasional change of the current’s direc- 
tion in conjunctival vessels. Pulsatory 
phenomena have been observed as a rari- 
ty only in conjunctival vessels of patients 
with severe heart disease (Rollin?"*). 
The incidental appearance in aqueous 
veins of pulsation synchronous with the 
heart action will be discussed later in this 
paper. 

In 1902 Schleich”? described what we 
call the granular current in conjunctival 
vessels. He mentioned the presence of 
transparent spaces between groups of red 
blood corpuscles. The extent of these 
transparent spaces was not the same in 
the various vessels and at different times. 

Since the evolution of the modern 
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corneal microscope and slitlamp the in- 
vestigation of the blood current in con- 
junctival vessels has been furthered by 
numerous investigators. Koeppe?* fol- 
lowed the changing direction of the blood 
stream in conjunctival and subconjunc- 
tival vessels as well as what he believed 
to be different degrees of filling by blood 
cells. He tried to deduct rules for the di- 
rection of the blood stream, considering 
the vessel diameters and the angles of 
junction to account for the flow to, or 
from, the limbus. Vogt** was especially 
interested in the variable blood content of 
the limbal loops, which he found to be 
mostly empty in quiet eyes but easily 
filled after mechanical or other irritation. 
Zeller®> studied the astounding variability 
in the speed of movement in conjunctival 
vessels and described the continuous as 
well as the discontinuous blood current, 
the latter being rhythmic or arrhythmic 
and sometimes a back-and-forward move- 
ment without real locomotion. 

Vessels situated near the surface in 
other parts of the human body show more 
or less similar conditions (Krogh*®), 
but comparing these with the pericorneal 
meshwork I became more and more con- 
vinced that in the pericorneal region the 
addition of intraocular fluid to the circu- 
lating blood takes place in, and sometimes 
even outside of, regularly efferent chan- 
nels, the aqueous veins. 

According to Fuchs, the direction of 
flow in epibulbar vessels can be discerned 
by compression of a vessel section and ob- 
servation of the reéntering contents. It is 
surprising that by this method the aque- 
ous veins have not been incidentally de- 
tected in spite of the fact that his pro- 
cedure has been adopted by such later 
investigators as Elschnig, Koeppe, Heer- 
fordt, and others. 

Some of Heerfordt’s*’ pictures (fig. 4 
on page 518) show that he saw vessels 
originating in the limbus with a U-like 
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arch similar to the typical Origin of 
aqueous veins. 


IMPORTANCE OF THE DILUTION OF THE 
BLOOD IN AQUEOUS VEINS 


Wherever in the organism capillaries 
are not used they collapse. Even larger 
vessels, the so-called derivative channels 
(Krogh**’), contract when not needed 
(Schumacher**). Repeated investigation 
of the capillary end-loops of the human 
limbus has convinced me that limbal capil. 
laries do not collapse when they become 
empty of red corpuscles. Imbedded jn 
firm limbal tissue, they have no contrac. 
tile coat. This maintenance of the open 
lumen is highly important with regard to 
the vital significance of a continuous out. 
flow of fluid from the eye. Bordley and 
collaborators suggest that in other parts 


.of the human body the same may be true. 


They emphasize the possibility of a con- 
tinuation of plasmatic flow in an appar- 
ently empty capillary. So far as the eye is 
concerned, the presence of fluid free of 
corpuscles may be observed not alone in 
the limbal region proper. Entire freedom 
of red corpuscles, however, is not the 
rule but the exception in conjunctival and 
subconjunctival veins of larger diameter. 
More often they show a kind of granular 
current similar to the purling of sand in 
the hourglass. In these larger vessels, the 
purling movement is more rapid than the 
granular current observed in capillaries 
of the limbal region. This latter phenome- 
non has, according to Krogh, analogies 
all over the body, in capillaries where the 
blood flow is about to be stopped. When 
the current slows down interruption of 
red-cell groups by columns of clear fluid 
is observed. The granular current in the 
limbal capillaries has attracted the atten- 
tion of oculists for decades, whereas the 
purling of clear fluid containing a small 
number of red cells in larger conjunctival 
and subconjunctival vessels has _ been 
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neglected if not overlooked. It is quite 
probable that just this rapid purling 
movement in the larger vessels of this re- 
gion is an indication of a possible use of 
conjunctival and subconjunctival veins 
for the elimination of intraocular fluid. 
In the limbal capillary meshwork the 
presence of clear fluid between red blood 
corpuscles could tentatively be explained 
by the slowing down of the blood current 
in a large vascular bed where low pres- 
sure might favor a separation of plasma 
from the corpuscles, which tend to con- 
globate by adhesion whenever left undis- 
turbed (Fahraeus”®). Such an explana- 
tion is invalid with respect to the rapid 
current of what sometimes appears to be 
highly diluted blood in larger veins. Why 
should there be a granular current with 
separated groups of red cells suspended 
in rapidly running clear fluid while in 
other veins of the same region showing 
the same or even smaller diameter a con- 
tinuous current is the rule, and no moving 
elements can be distinguished? The most 
obvious explanation is the presence of 
intraocular fluid mixed, in varying pro- 
portion, with the blood in these veins. 
The term aqueous veins, however, should 
be reserved for vessels which, according 
to the initial definition, perform the prim- 
ary connection between Schlemm’s canal 
and the superficial vascular meshwork. 
Not every vein actually containing diluted 
blood should be called an aqueous vein. 
Most of these are recipient vessels only. 
The term aqueous vein should be applied 
only if its origin is visible in or near the 
limbus corneae or the vessel emerges from 
a scleral emissarium or from the limbal 
meshwork. At other places where diluted 
blood is visible, a search should be made 
for the origin of the aqueous vein that 
pours its contents into that particular 
vein. Should the search for its origin be 
unsuccessful it is probable that the en- 
trance of the aqueous vein is in the pos- 


terior part of the vessel wall. 

Objection could be made to my con- 
ception of the aqueous veins in view of 
the possibility that there is a mere skim- 
ming up of plasma from red cells in the 
narrow passages described anatomically. 
In this case, the clear fluid seen in the 
aqueous veins would not be aqueous hu- 
mor mixed, in varying ratio, with blood. 
It would be blood deprived of all, or a 
part of, its red cells; in other words, 
plasma without, or with a subnormal 
content of, red cells. I feel that this ob- 
jection can be rejected because of the 
anatomically recognized connections of 
the canal of Schlemm with the intra- 
scleral meshwork and of the latter with 
the superficial meshwork. 

Once emptied into the superficial mesh- 
work, intraocular fluid may be shifted in 
different directions according to the 
changing pressure conditions in the vari- 
ous sections of the vessel. Lid winking, 
bulbar rotations, changes in the local in- 
travascular pressure, miosis and mydria- 
sis due to changes in illumination, and in- 
nervation of accommodation may shift 
the direction in which diluted blood con- 
tinues to flow. Protracted observation, 
however, will always reveal that only one 
or a few vessels continually are charged 
with the elimination of intraocular fluid 
emerging from this particular outlet. 
Superficial examination may lead to the 
erroneous conception of an irregular and 
undirected choice of pathways, whereas, 
on the contrary, an admirable order is 
present which, of course, is not always 
easily discovered. 


THE PRESENCE OF RED BLOOD CORPUSCLES 
IN AQUEOUS VEINS 


The question may arise why a relative- 
ly large amount of red blood cor- 
puscles can be visible in the aqueous veins 
and whether this fact may contradict the 
assumed function of these channels; 
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namely, elimination of aqueous humor. 

As a matter of fact, numerous aqueous 
veins show very few or practically no red 
cells. Others are rich in red cells, some of 
them so rich that their differentiation 
from regular conjunctival vessels may be- 
come difficult. It is quite probable that 
many outlets of Schlemm’s canal before 
leaving the sclera join relatively large 
veins of the scleral meshwork. This is in 
accordance with histologic facts and it 
explains how the originally clear content 
of such an outlet may become mixed with 
blood, sometimes to a degree entirely con- 
cealing the presence of the originally 
clear fluid. 

We should keep in mind that, accord- 
ing to Friedenwald, a few afferent ar- 
terioles empty into Schlemm’s canal. They 
add blood to the contents of the canal. 
This fact is highly important for the 
colloid osmotic attraction of fluid from 
the anterior chamber into the canal. 
Friedenwald found that the diameter of 
these arterioles is between 5 and 10 micra, 
and that they have a circular cross sec- 
tion. Disregarding the possible effect of 
shrinkage due to hardening and embed- 
ding of specimens and assuming a diam- 
eter of five or six micra in the living 
vessel, we may expect that the plasma 
will be skimmed of corpuscles unless de- 
formation of the latter takes place. Thus, 
the fluid in Schlemm’s canal may become 
richer in proteins than aqueous humor 
but not so rich in red blood cells as its 
blood-protein content would suggest. Re- 
garding, however, the possibility of de- 
formation of red cells when entering 
narrow channels, entrance of red cells can 
be conceded even through tubes with a 
diameter smaller than that of the eryth- 
rocyte disc (Koeppe,?* Krogh’). On 
the other hand, afferent arterioles with 
a diameter of eight micra or more and 
with a circular cross section will allow 
free entrance to red blood corpuscles. 


Presence of afferent vessels with such 
diameter suffices to explain the Presence 
of a certain amount of red cells jn the 
canal and consequently in its outlets, 

Numerous aqueous veins, especially 
many of those originating with a U-j, 
or figure-6-like curve in the limbus 
proper, seem to be free of red corpuscles 
at least for certain periods. This fact js 
not in contradiction to the possible pres. 
ence of red corpuscles in the canal, Ac. 
cording to Dvorak-Theobald, some of jts 
venous outlets have cross sections with 
one very short diameter. In order to ep. 
ter an opening of 30 by 5 micra in cross 
section, a normal erythrocyte has to 
tilt or to be deformed since it is a disc 
with a diameter of about 7.2 micra and 
a thickness of about 2.2 micra (Best and 
Taylor®’). Red cells approaching the out- 
lets will not always find time to tilt in 
order to enter the opening but they will 
easily leave the canal by an outlet with 
a larger cross section. Aqueous veins 
corresponding to an outlet having a very 
narrow lumen will show few or no red 


corpuscles. 
Free communication between aqueous 
chambers and blood vessels is not 


present. Passage of fluid takes place 
through semipermeable walls separating 
the chamber from the canal of Schlemm 
if we fail to take into account the pos- 
sibility of universal capillary exchange. 

When blood is forced into an aqueous 
vein by compression of a receiving vein, 
entrance of red cells into Schlemm’s 
canal is very probable. This is an addi- 
tional evidence of the separation of 
Schlemm’s canal from the chamber. 
Should there be free openings of at least 
7.5 mu diameter in the membrane sep- 
arating the canal from the chamber, red 
cells would necessarily become visible in 
the chamber. That has never been ob- 
served in the numerous compression ex- 
periments. 
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Red blood corpuscles appearing in the 
anterior chamber in cases of inflamma- 
tion, trauma, or vascular disease are not 
derived from Schlemm’s canal unless its 
continuity has previously been destroyed. 

There apparently is a reservoir pres- 
ent fitted to function as the initial source 
of the aqueous veins; namely, the canal 
of Schlemm. It has, according to Duke- 
Elder,’ sufficient safety valves to pre- 
vent a retrograde flow of blood into it- 
self, But as early as 1914, Salzmann* 
saw blood in the canal of inflamed 
eyes, and later observations confirmed 
this finding as a rarity (Troncoso**). 


SIGNIFICANCE OF THE STRATIFICATION 
IN AQUEOUS VEINS 


Observation of a recipient vein below 
the point where a colorless aqueous vein 
empties into it will yield evident explan- 
ation of the mechanism of the stratifica- 
tion. The clear fluid coming from the 
aqueous vein continues to stream into that 
part of the recipient vessel that corre- 
sponds to the site of its entrance. The 
sanguineous content of the recipient vein 
is pushed aside. It is amazing how far the 
separation of the strata may be retained. 
There is no question about the fact that 
in this case two different phases bordering 
each other stream along confined in the 
same anatomic structure (fig. 6). 

Typical tripartite stratification with 
two peripheral red and one central color- 
less phase suggests, and may easily be 
mistaken for, two ordinary vessels run- 
ning parallel to each other, and it is not 
until compression is exerted that min- 
gling of both the sanguineous and the 
aqueous phases proves the presence of but 
one vessel. A priori, the distribution of 
clear and of sanguineous fluid could be of 
either of the following types : There could 
be a coat of red blood corpuscles sur- 
rounding an axial stream of clear fluid 
so that, under the corneal microscope, 


the borders of the vessel appear darker 
while in the center (fig. 7a) but a few 
red cells pass through the field. The other 
type, as shown in figure 7, is brought 
about by the presence of three separated 
streams running parallel to each other 
along the vessel walls. The latter type 
is probably present in the aqueous veins. 
This type of distribution also explains the 
quintuple stratification occasionally ob- 
served which manifests the distribution: 
red-pale-red-pale-red. The interpretation 
of the latter by assumption of two stream- 
ing coats of fluid surrounding the cen- 
tral red thread and each other seems to 
be less satisfactory. 

According to A. Jaeger,®* the light 
reflex in the center of retinal vessels as 
seen ophthalmoscopically similar 
so-called reflex stripes on other vessels 
are to be explained by the difference 
in the passage of light through the cen- 
tral and peripheral parts of the same 
vessel. In the center, the corpuscles pre- 
sent their circular disc surfaces to the en- 
tering and to the reflected light while 
red cells situated peripherally present the 
edges and in this way interfere with 
the penetration of entering as well as of 
reflected light. Regardless of whether this 
explanation is correct or not the presence 
of one bright line and two peripheral 
dark lines in retinal vessels is due to 
other factors than those causing stratifi- 
cation in aqueous veins and their tribu- 
taries. 

Only superficial observation of con- 
junctival vessels by full slitlamp illumina- 
tion could lead an observer to mistake con- 
junctival vessels with a brilliant central 
light stripe for aqueous veins. Exact in- 
spection reveals that these bright, some- 
times silvery, stripes on regular conjunc- 
tival vessels change their extent and po- 
sition when the angle of illumination. is 
changed. Furthermore, they do not dis- 
appear after compression of the vessel. 
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Stratification in aqueous veins does this different sections of the vessel would be 
without exception. absurd. It is difficult to believe that in 

Should there remain any doubt about one half of the vessel all red blood 
the nature of the stratified current in cells should remain in a position parallel 
aqueous veins and in their recipient ves- to the entering light, and in the other 


Figs. 6 to 7a (Ascher). Stratification in recipient vessels as seen biomicroscopically and in 
schematic cross section. 

Fig. 6. Schematic cross section through a conjunctival vessel that has received an aqueous 
vein as a tributary from above. In the lower half blood corpuscles continue to stream while 
the upper half is filled with the contents of the aqueous vein. The cross section corresponds to 
point A in figure 1, page 33, of my preliminary note on aqueous veins (this Journal, 1942, v. 25). 

Fig. 7. Schematic cross section through an aqueous vein that has received two regular veins 
as tributaries from above and from below. After emptying of the regular veins, three strata are 
maintained, consisting of two peripheral red and one central clear phase. Schematic cross section 
shows these three phases, corresponding to point B in figure 1, page 33, of my preliminary note. 

Fig. 7a. Assumed cross section through a vessel with tripartite stratification. This sketch was 
drawn under the improbable assumption that the red blood cells would stream along the vessel wall 
while a central thread of clear fluid continues to flow in the axis of the vessel. That would be 
the opposite of the usual distribution of plasma and cells in small vessels. 


sels it would be dissipated by observa- 
tion of typical bipartite stratification as 
aforedescribed. Here, continuation of 
only one limpid and only one red cur- 
rent is obvious. Explanation of this ap- 
pearance by assumption of the different 
position of red blood corpuscles in two 


half in a position at right angles to the 
light. 

Seidel’s observation that India ink 
when infused into the anterior chamber 
of experimental animals appears in some 
instances only as a central thread in the 
episcleral vessels which, peripherally, may 
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retain their original red color, is an inter- 
esting analogy to the stratification seen 
in human aqueous veins. 

Certain qualities of the blood flow as 
described by A. Jaeger®? and by Thoma** 
on mesenterial vessels are equally pres- 
ent in aqueous veins and their recipient 
vessels. These are facts pertaining to the 
consistency of differently colored strata 
even after the emptying of tributaries. 
After junction of stratified mesenterial 
veins the phases deriving from the tribu- 
taries may be preserved over long dis- 
tances. Where further tributaries empty, 
new lines may be added so that eventually 
a large number of lines run parallel to 
each other and to the vessel wall. These 
lines are more easily observed in the mes- 
enterium of frogs with experimental 
anemia (Thoma**). Regarding the latter 
fact, the question arose whether anemia 
could have contributed to their detection 
in some or in all cases showing the aque- 
ous veins. For this purpose in 10 cases, 
selected at random, red blood cell counts 
and hemoglobin tests were performed by 
Miss Virginia Minnich (Assistant, De- 
partment of Hematology, Washington 
University, Saint Louis, Dr. Carl V. 
Moore, Director). 


TABLE 2 


RED CELL COUNT AND HEMOGLOBIN CONTENT IN 
THE BLOOD OF PATIENTS PRESENTING 
AQUEOUS VEINS 


Name Erythrocytes Hemoglobin 
percent 
Albert M. 5,320,000 96 
Stella L. 4,860,000 86 
Rose D. 4,830,000 93 
Annie T. 4,800,000 no record 
Hazel R. 4,760,000 88 
Ivy V. 4,360,000 83 
Virgie W. 4,200,000 83 
Kenneth R. 4,200,000 no record 
Minnie H. 3,790,000 81 
Fannie B. 3,150,000 31 


These figures show that anemia plays 
no part in the visibility of vessels con- 
taining few or no red blood cells. All 


conjunctival vessels in anemic patients 
show a pale color and a low red-cell con- 
tent. Aqueous veins, however, are usually 
surrounded by vessels with normal red- 
cell content. The obvious lack of red cells 
in some of the aqueous veins excludes the 
explanation that differently colored lines 
are the result of differences in light pene- 
tration or absorption which is assumed 
in the interpretation of the light reflexes 
of retinal vessels. 

Simultaneous presence in an ocular 
vessel of fluid containing red blood cells 
and clear fluid had not been observed be- 
fore my description of the stratified cur- 
rent in aqueous veins and in their recipi- 
ent vessels, except in the observations 
of Troncoso** on gonioscopy of the canal 
of Schlemm. As a rule Schlemm’s canal 
as observed in gonioscopy does not show 
red blood cells except in cases of trauma 
or inflammation. Sometimes, however, 
very fine red lines bordering the wall of 
the canal have been seen. The analogy to 
stratification in aqueous veins is striking. 
The red lines bordering Schlemm’s canal 
cannot be explained as the result of sedi- 
mentation of red blood cells in the lowest 
part of the canal. Troncoso’s picture and 
description show two lines, one in the 
central and one in the peripheral border 
of the canal. They may be explained by 
blood brought into the canal through the 
few afferent arterioles. Should these ves- 
sels enter the canal at a right angle then 
the red cells would be directed against 
the opposite wall and would form whorls 
and not continuous lines. Due to the 
obtuse angle of entrance, however, the 
arterioles do not spread their contents; 
a continuous stream of entering red cells 
is preserved for a shorter or longer 
course below the point of emptying. In 
this connection, it should be mentioned 
that according to Maggiore’*® all vessels 
entering or leaving the canal of Schlemm 
are inserted into its walls at an obviously 
obtuse angle. 
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I should not omit to mention that strati- 


fication in aqueous veins has no relation 
to the axial flow of corpuscles, which 
gives just the opposite picture of the 
tripartite stratification in aqueous veins. 
In aqueous veins, two marginal red lines 
border one central clear line; contrari- 
wise, the axial stream, according to the 
known physiology of small vessels, con- 
sists of a central stream of red corpuscles 
surrounded by a layer of clear plasma 
(Krogh?**). It is not excluded that in 
regular conjunctival vessels as well as in 
aqueous veins, a peripheral coat of clear 
plasma, barely demonstrable under the 
normal corneal microscope, may sur- 
round the cell column. This rule, however, 
lacks general validity even in the same 
animal. In the larger vessels of the frog, 
especially in the aorta, there is a central 
clear stream surrounded by a coat of pe- 
ripherally running red cells (Ebbecke**). 
Thus, in the aqueous veins and recipient 
vessels, the distribution of the clear and 
the sanguineous phase is not a physiologic 
exception ; the observability, however, of 
these two phases in the normal and in the 
glaucomatous eye might be of greater 
than purely physiologic interest. 

We are justified in assuming the simul- 
taneous presence of aqueous humor and 
of blood in aqueous veins and in recipient 
vessels, and to explain stratification by 
visible separation of the aqueous from the 
sanguineous phase. 


PHYSIOLOGIC ANALOGIES 


The simultaneous visibility of aqueous 
humor and blood coursing through the 
same vessel is a unique occurrence con- 
fined to the region surrounding the cor- 
neal limbus. There is, however, a kind 
of analogy far remote from the eye and 
far remote from mammalian physiology 
although still in the realm of vertebrate 
physiology. 

Microscopic examination of the renal 


vessels of the frog reveals the entrance 
and temporary presence of lymph fluid 
passing with the sanguineous stream 
(Ebbecke**). This fluid, free of blood 
corpuscles, is forced into the blood 
through a small tributary connecting the 
renal vessels with the posterior lymph 
heart. The lymph, however, does not en- 
ter the blood stream continuously, It jg 
injected synchronously with the contrac. 
tions of the lymph heart, and in this way 
each single ejection from the lymph heart 
runs through the vessel as a clear space 
lacking blood cells and taking the shape 
of an egg or of an arrowhead. 
Appearance of paralleling lines with 
different red-cell content in mesenterial 
veins has been mentioned. Similar aspects 
are presented in the web and in the 
tongue of the frog. These analogies, how- 
ever, differ in the physiologic sense in 
so far as the clear phase is not a different 
fluid but blood plasma free of corpuscles. 
They are hydrodynamic rather than 
physiologic analogies to aqueous veins. 
Quite another physiologic process takes 
place in the spleen of mammals and pro- 
duces pictures strikingly similar to those 
observed in aqueous veins. In the spleen 
of the mouse (fig. 8), illuminated by 


‘means of a fused quartz rod and observed 


microscopically, the circulation can easily 
be observed (Knisely**). At a given time, 
some of the collecting venules are filled 
very largely with fluid coming from si- 
nuses in their filtering-filling phase and 
containing very few red cells. Other 
venules are filled with a blood-cell paste, 
containing very little fluid coming from 
sinuses in their emptying phase, The 
union of two venules in these two condi- 
tions is shown on page 41 of Knisely’s 
paper and this illustration exactly re- 
sembles a junction of aqueous veins with 
regular conjunctival veins. In Knisely’s 
illustration, the appearance of a clear 
peripheral plasmatic zone may be ex- 
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plained by the fact that this author used 
higher magifications than slitlamp micros- 
copy provides ; namely, from 60 to 600 di- 
ameters of magnification. This observa- 
tion also is to be considered as a hydrody- 
namic not as a physiologic analogy to the 
stratification in aqueous veins and in 
recipient vessels. 

There is another analogy to the func- 
tion of aqueous veins. This parallelism, 
however, is not evident by biomicroscopic 


Fig. 8 (Ascher). Stratified content in the vessels of the spleen 


of the mouse. 


Illustration taken from the paper by M. H. Knisely.™® 
His legend as follows: Redrawn from a sketch made while 


gen. Dandy** claimed that absorption of 
cerebrospinal fluid could not be through 
the arachnoid villi, whereas Weed*® con- 
cluded that the total effective force actu- 
ating the normal process of absorption of 
cerebrospinal fluid is compounded of the 
colloid osmotic pressure of the blood 
plus a hydrostatic factor derived from 
the difference in subarachnoid pressure 
and intracranial venous pressure. 

Thus, it seems that the arachnoid villi 


observing an area in spleen of mouse B3. V;, venule containing 
almost cell-free blood fluid coming from an area in which the 
sinuses are retaining the blood cells. V2, venule containing thick, 
pasty blood (many cells, little fluid) from an area where sinuses 
are pouring out blood cell masses. p, fluid, and c, cells which 
have not yet mixed in the flowing blood. t.v., small trabecular 


vein. The arrows show the direction of blood flow. 
Permission for reproduction granted by the author. 
Note the similarity of stratification in this splenic vessel to 


that in the recipient vessels of aqueous veins. 


observation. It is the elimination of cere- 
brospinal fluid through intracranial veins. 

In his studies of the red-cell content 
in the blood of the dog, Lauber* found 
3,600,000 red cells in the paw and only 
2,500,000 in the blood of the sinus sagit- 
talis of the same animal. As early as 1901, 
he explained this difference by the en- 
trance of cerebrospinal fluid into the 
blood of the sinus. Not much attention 
was paid to this result, and later discus- 
sions of fluid elimination ran along almost 
parallel with the considerations pertaining 
to the elimination of aqueous humor. 
Merritt and Fremont-Smith** enumerated 
the points for and against the dialysis 
theory; Munro*? emphasized the univer- 
sal formation and reabsorption of tissue 
fluid supplied as a nutritive transudate 
from the end of the capillary loop rich 
in oxygen and eliminated through the 
end of the same loop that is poor in oxy- 


play a part in the elimination of cerebro- 
spinal fluid similar to that of Schlemm’s 
canal in intraocular-fluid elimination. The 
role of the aqueous veins would then cor- 
respond to that of the intracranial sinuses 
which, also, are not collapsible. When we 
take the figures of Lauber‘ as a basis, we 
find that the dilution by the entrance of 
cerebrospinal fluid in the sagittal sinus 
of the blood is about in a ratio of two 
to three. This would indicate a rather 
high rate of elimination. It is probable 
that with Lauber’s method valuable re- 
sults concerning physiologic and patho- 
logic problems could be obtained. 


AMOUNT OF FLUID ELIMINATED BY 
THE AQUEOUS VEINS 


According to Duke-Elder*® the esti- 
mated figures for the outflow of aqueous 
humor in experimental and clinical ob- 
servations under many different methods 
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ranged from 1 to 40 c.mm. per minute. 

When we consider, according to the 
measurements by Heim,*° that the volume 
of the human anterior chamber varies 
between 60 and 360 c.mm., it would take 
only 1% to 9 minutes to empty the an- 
terior chamber in the event that the 
figure 40 c.mm. were correct. On the 
other hand if we accept the other ex- 
treme of 1 c.mm. per minute we should 
expect a flushing and refilling of the 
anterior chamber in a considerably longer 
time ; namely, between one and six hours. 

The analysis of cases like those of 
Friedenwald and Pierce® in which a dis- 
located lens acted as a ball valve and per- 
mitted an estimation of the rate of flow 
at approximately 114 c.mm. per minute 
may give the truest conception of what 
actually occurs. 

According to Leber’? the diameter of 
the conjunctival veins lies between 0.01 
and 0.1 mm. The diameter of the aqueous 
veins is presumably the same. The speed 
of the current in the latter is probably 
similar to that in the conjunctival veins, 
which has been estimated by Zeller®® to 
lie between 0.7 and 1.8 mm./sec. There- 
fore we can estimate the amount of fluid 
evacuated by a single aqueous vein as 
probably between 0.000824 c.mm. and 
0.8477 c.mm. per minute. . 

The latter figure is somewhat higher 
than one half the amount estimated by 
Friedenwald and Pierce,> and two aque- 
ous veins of the largest size could elim- 
inate the whole amount. 

But it is not probable that in reality 
only one or two aqueous veins have to 
eliminate the aqueous humor from 
Schlemm’s canal. 

Histologic facts given unanimously by 
Leber,’” Maggiore,'*° Dvorak-Theobald,* 
and by Friedenwald™ prove the presence 
of 20 to 30 outlets of Schlemm’s canal. 

Applying the smallest values given for 
vessel diameter and for speed of current, 


even 20 to 30 outlets of Schlemm’s canal 
could eliminate as little as 0.0165 to 
0.0247 c.mm. per minute. In this estima. 
tion it should be borne in mind that, ac. 
cording to Rollin,?® Zeller’s estimate of 
the rate of flow in conjunctival veins 
is subjected to question, and according 
to the measurements of Dvorak-Theobalq 
even the narrowest outlets of Schlemm’s 
canal have an approximately elliptic sec. 
tion with a minimal diameter of 5 micra 
while the diameter paralleling the canal 
was never found to be less than 30 micra, 
Thus, a much larger amount of fluid may 
be evacuated. Assuming the presence of 
20 or 30 outlets of this smallest size only, 
the output could be 0.126 or 0.189 c.mm. 
per minute. But as a matter of fact, not 
all outlets have so small a cross section 
and a single larger outlet with the largest 
diameter mentioned by Dvorak-Theobald, 
namely 50:165 micra, could eliminate ap- 
proximately 0.3465 c.mm. at low speed, 
or 0.891 c.mm., at high speed per minute. 
For a score of outlets we would again 
reach an unexpectedly high figure for the 
aqueous outflow, although it should be 
borne in mind that only very few out- 
lets will have so large a cross section. 

Considering all these apparently very 
different figures and using reasonable 
average values we finally reach an ap- 
proximate accord between the amount 
of fluid possibly eliminated by aqueous 
veins and the estimation of Friedenwald 
and Pierce.® In these figures, the amount 
of water leaving the eye by molecular 
action is not included (Kinsey, Grant, 
and Cogan’). 

In this connection, a case reported by 
K. T. Mayer*? should be briefly men- 
tioned. In 1931, a patient with bilateral 
luxated lenses had normal intraocular 
pressure in both eyes. Seven years later 
he was seen again, when his right lens 
was immovably fixed to the disc and he 
had an intraocular pressure of 60 mm. 
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Hg in the right eye whereas the left 
showed no increase in pressure. During 
an observation of over six months, the 
lens did not change its position and the 
intraocular pressure remained extremely 
high in the eye having the lens fixed to the 
disc, even after a cyclodialysis was per- 
formed. This seems to be one of the 
cases pointing to a fluid elimination other 
than through the anterior channels and 
it is of special interest with regard to the 
experiments of Berens and Posner,** who 
were able to demonstrate with high prob- 
ability the presence of a posterior outflow 
in the normal human eye. 


THE GLASS-ROD PHENOMENON 


When a recipient vessel is compressed 
by means of a small cotton applicator 
below the entrance into it of an aqueous 
vein, the glass-rod phenomenon or the 
filling of the aqueous vein with red cells 
may be observed (see figs. 2 and 4). 

When compression is released, in both 
cases the former picture reappears: red 
corpuscles reénter the space which, dur- 
ing the compression, was free of them, or 
the aqueous vein becomes clear again if 
it was filled with blood cells during com- 
pression. 

Anesthesia can usually be avoided in 
these experiments; most of the persons 
investigated stand the practically painless 
procedure without any objection. In very 
sensitive eyes, instillation of 1-percent 
butyn or 0.5-percent pontocaine solution 
may be useful, but this drug, like almost 
all others of its type, has an effect on con- 
junctival vessels as well as on aqueous 
veins, 

It may be noted here that, as a rule, the 
patients observed in Birmingham, Ala- 
bama, were less sensitive during this 
manipulation than those in Cincinnati, 
Ohio. In the latter place I was more often 
compelled to use a local anesthetic in order 
to perform the compression, The latter 
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can also be executed by pressure on the 
lid on a spot corresponding to the vessel 
to be influenced. This procedure, how- 
ever, is less accurate. 

A giass-rod phenomenon never will be- 
come manifest unless gentle pressure has 
been applied on the recipient vessel of an 
aqueous vein. Once observed, the glass- 
rod phenomenon usually can be repro- 
duced upon repeated examination at any 
time. As an exception, however, aqueous 
veins will be found which do not always 
manifest the glass-rod phenomenon, In 
this kind of eyes, instillation of 1-percent 
eserine solution or 2-percent pilocarpine 
solution or 1-percent butyn solution may 
facilitate the manifestation of the glass- 
rod phenomenon. After these drugs are 
administered, the glass-rod phenomenon 
may appear even in eyes which did not 
show it before the instillation. Other 
drugs, especially dionin, interfere with 
the inducibility of the glass-rod phenom- 
enon, 

An objection might be offered to my 
explanation of the glass-rod phenom- 
enon ; namely, that it is not the emptying 
of corpuscles only that occurs but a com- 
plete depletion of the clear vessel sec- 
tion. But it is not the emptying of the 
particular vessel section, nor does it col- 
lapse; if the compressed recipient vessel 
is situated near the surface of the con- 
junctiva, even a slight enlarging of the 
vessel section, which becomes clear after 
compression, may be observed. Some- 
times, a minimal elevation is indicated by 
the appearance of a new light reflex run- 
ning along the conjunctival tissue cover- 
ing this vessel. Strong illumination at a 
favorable angle and greater magnification 
is needed to make this observation. 
Deeper vessels, especially those imbedded 
in the sulci vasorum efferentium humo- 
rem aqueum, fail to show this engorge- 


But both superficially and deeply sit- 
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uated vessel sections often give evidence 
of a streaming fluid content due to obvi- 
ously rapid movement of small groups or 
waves of red blood cells. In some in- 
stances, these waves are seen to enter 
the vessel rhythmically, the rhythm being 
synchronous with the heart action. This 
observation proves definitely that the ap- 
parently empty vessel section is not empty 
and it proves the presence as well as the 
movement of a limpid fluid. 

Another tentative explanation of the 
glass-rod phenomenon could be the as- 


ent vessels of aqueous veins. In case of 
sedimentation, observation of larger see. 
tions of a vessel would eventually show 
the red corpuscles collecting somewhere 
in a similar way, as may be observed jn 
the retina after obstruction of the cep. 
tral artery. Nothing of this kind happens 
after compression of a recipient vesse] 
as has been proved by numerous compres. 
sion experiments (fig 9). 

Neither emptying of fluid nor sedimen- 
tation of red cells takes place when, after 
compression of a recipient vessel, the 


Fig. 9 (Ascher). Expul- 
sion of red cells, and not 
sedimentation, is the essence 
of the glass-rod phenomenon, 
Mr. S. F. C., white, aged 63 
years. Left eye: Nasally be- 
low, a large pale vessel runs 
along the limbus and eventu- 
ally joins a regular conjunc- 
tival vein. No stratification is 
present. Immediately after 


compression of the recipient vessel, practically all red corpuscles leave the pale vessel and the 
adjacent section of its recipient vein; both become as clear as water. No gathering of red cells 
is visible; they retreat in an upward and not in a downward direction. Explanation by sedimenta- 


tion is impossible. 


sumption that sedimentation of red blood 
corpuscles takes place in the blocked ves- 
sel section and that by this means plasma, 
free of corpucles, becomes visible. This 
explanation can easily be refuted by the 
fact that the red cells do not disappear in 
only a downward direction by the force 
of gravity, as should be seen in case of 
sedimentation, but in any direction ac- 
cording to the anatomic situation, often 
in an upward direction. Furthermore, 
there is no reason to expect sedimentation 
of red cells just in those vessels that are 
receiving aqueous veins as a tributary. 
Due to the fact that sedimentation of 
red cells is influenced by qualities of the 
blood only, the same phenomenon should 
occur in other vessels of the same con- 
junctiva and not exclusively in the recipi- 


glass-rod phenomenon occurs. The fluid 
blocked by the minute cotton applicator 
has two sources that enter the blocked sec- 
tion each with a different pressure: the 
fluid entering the aqueous vein from 
Schlemm’s canal, and the blood coming 
from the intrascleral or episcleral plexus, 
The fluid actually having the higher pres- 
sure is able to expel the other fluid from 
the blocked section. 

Whether the pressure in aqueous veins 
is the same as in Schlemm’s canal is an 
open question. It certainly is not higher 
when fluid has to flow from Schlemm’s 
canal to the aqueous veins; it is probably 
lower than the pressure in Schlemm’s 
canal. But the pressure in aqueous veins 
has to be higher than that in their recipi- 
ent vessels, otherwise fluid would not flow 
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from the aqueous veins into the recipient 
vessels. Under pathologic’ circumstances, 
however, the pressure in aqueous veins 
may become lower than that in the peri- 
corneal meshwork. 

Duke-Elder®* believes that under nor- 
mal circumstances the pressure in the ex- 
its of Schlemm’s canal is higher than that 
in the anterior chamber, and he esti- 
mates the pressure difference between 
Schlemm’s canal and anterior chamber to 
be 2 or 3 mm. Hg. According to Frieden- 
wald,* this difference may change with 
the changing amount of plasma mixed 
with the content of the canal by the mi- 
nute afferent arterioles. 

According to Seidel,®” the pressure in 
the anterior ciliary veins of the human 
eye is about 11 mm. Hg, and may excep- 
tionally rise as high as 14 mm. Hg. 

Thus, in eyes with an intraocular pres- 
sure between 26 and 15 mm. Hg the 
gradient between Schlemm’s canal on the 


to be speeded through a relatively short 
path a few millimeters in length, which 
ordinarily is very straight except at its 
origin. Most of the aqueous veins reach 
their recipient vessels by the shortest 
possible route after leaving the limbus or 
the sclera, where their origin often is 
arcuate, as seen by means of biomicros- 
copy, or even curved like an S or like 
the figure 6, according to histologic recon- 
structions. 

The fact of the presence of such a pres- 
sure potential over such a short distance 
may explain the vigor of the fluid that en- 
ters the recipient vessel and is probably 
the reason for the presence, the speed, and 
the completeness of the glass-rod phe- 
nomenon (GRP in table 3). 

Up to the present time the following 
qualities of the glass-rod phenomen have 
been noted and their possible relation to 
the pressure potential has been consid- 
ered: 


TABLE 3 
QUALITIES OF THE GLASS-ROD PHENOMENON 


Quality 


With high pressure potential 


With low pressure potential 


1, Presence or absence | Clear fluid enters the recipient vessel 


2. Regularity Every or almost every compression 
produces the GRP 
3. Speed Immediate or delayed entrance of 


clear fluid 
4, Completeness 
tion or a part of it 
5. Extension 
tions 
6. Duration 


pression is applied 


All corpuscles leave the blocked sec- 
Clear fluid enters adjacent vessel sec- 


Clear fluid is present as long as com- 


Blood corpuscles enter the aqueous 
vein 

The GRP never occurs 

No entrance of clear fluid 


The blocked section retains all red 
corpuscles 

Adjacent vessel sections retain their 
corpuscle content 

Red cells reénter the blocked section 
before compression is released 


Three more qualities may be related to the pressure potential but this relation is not so clear and 


obvious as in those mentioned above. 


7. Borderline 
clear fluid meet 
8. Pulsation 


9, Corpuscle return 


A line crossing the vessel transversely may be formed where sanguineous and 


This borderline may show pulsation which may be synchronous with the 
heart action or with respiration, or irregular 

After release of compression, reéntering corpuscles may show a slow or a 
rapid flow; they may run continuously or intermittently, and in the latter 
case rhythmically or irregularly 


one side and the recipient episcleral ves- 


When it is considered that the pressure 


sels on the other could be between 18 and gradient responsible for the entrance of 


6 mm. Hg. This pressure gradient has 


clear fluid into the conjunctival and epi- 
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scleral meshwork cannot be equal in all 
eyes, not even equal in the same eye at 
different times, the varied aspect pre- 
sented by the same limbus at different in- 
stances can also be understood. But in 
spite of all the changes that may occur 
“spontaneously” in aqueous veins, or may 
be produced by mechanical, physiologic, 
or pharmacologic means, they regain their 
former appearance after a longer or 


Fig. 10 (Ascher). Regular, delayed, com- 
plete, extending glass-rod phenomenon with 
final formation of a pulsating transverse border 
line. Virginia W., white, aged 52 years. Right 
eye: Near the nasal limbus, one superficial and 
one deep aqueous vein join for a siiort common 
course before emptying into the nasal horizon- 
tal regular vein. After compression of this re- 
cipient vessel, red corpuscles enter both 
aqueous veins in a retrograde direction (note 
arrows) ; no more stratification is visible. Two 
seconds later, colorless fluid reénters section 1 
and section 3 and expels all corpuscles from 
section + and later from section 5. Some sec- 
onds later, colorless fluid again forces its way 
into section 2, and here a pulsating transverse 
border line between blood and clear fluid is 
maintained for some minutes. 


shorter interval. There must be something 
that causes what we call “spontaneous” 
changes ; this agent, however, is still un- 
known, Differences in stratification or in 
blood-corpuscle content may occur; but 
on repeated study the individual aqueous 
vein with its characteristic origin, course, 
“and emptying remains the same typical 
structure. 

The appearance of aqueous vessels, in- 
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visible before compression, but shooting 
off out of a limbal concentric collateral af. 
ter the application of a cotton probe js 
no less impressive than is the glass-roq 
phenomenon. In these cases the pressure 
of the aqueous phase is obviously lower 
than in cases showing a positive glass. 
rod phenomenon. Therefore, compression 
of the recipient vessel enables the blood 
to overwhelm the less vigorous aqueous 
stream and to expel it, probably as far 
back as into Schlemm’s canal. The latter 
may, in this case, temporarily become 
filled with more red blood corpuscles than 
usually. When again free of red blood 
cells, these trails may again be detected 
by means of indirect illumination because 
of difference in their shade but not in the 
color. Their visibility is due only to the 
difference in the index of their light 
refraction. 

The direction in which corpuscles leave 
an aqueous vessel after compression de- 
pends on the presence of available anas- 
tomotic pathways and on the relative 
pressure levels in each of them. 

Sometimes the border between watery 
and sanguineous fluid is maintained in a 
particular section of the vessel for sec- 
onds or minutes, a manometerlike equilib- 
rium being reached between blood cur- 
rent on one side, and aqueous exit on the 
other. In these cases pulsations of this 
transverse border line are often visible 
(fig. 10). 

At rare instances, in the absence of 
compression of the recipient vessel, spon- 
taneous pulsations of a transverse border 
line separating clear and sanguineous 
fluid in the aqueous vein are visible. Here, 
it is a rule that expansion of the clear 
fluid column takes place synchronously 
with the peak of the radial pulse. 

Whether these pulsations or those pro- 
duced by compression of a recipient ves- 
sel are due to the pulsatory changes of 
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intraocular pressure (Wessely**) or 
whether they are due to pulsatory changes 
in the veins themselves is an open ques- 
tion. 1 should prefer the explanation on 
the basis of intraocular-pressure changes. 
It is well known that any systolic wave 
reaching the eye will increase the intra- 
ocular pressure. This pressure increase 
is easily transmitted to Schlemm’s canal, 
and the contents of the latter will give 
way in the only direction available. In 
this fashion the outlets of Schlemm’s 
canal will be rhythmically filled and thus, 
the aqueous vein may manifest pulsations 
synchronous with the radial pulse. The 
fact that every expansion of the watery 
column coincides with the peak of the 
radial pulse, is in accordance with this 
consideration. On the other hand, trans- 
mission of the pulse waves through the 
capillaries is improbable. According to 
Krogh? the pulsating flow is generally 
equalized in the venules, because the cap- 
illary paths are of unequal length; the 
phases of the arriving pulse waves are 
different and the pulse is extinguished by 
interference. Occasionally, however, the 
capillary network is sufficiently uniform 
to permit the pulse to penetrate to the 
small veins, and this may be the case 
especially when the pulse amplitude is 
exceptionally high. Here may be men- 
tioned that, in some instances, pressure 
applied to the bulbus far from any aque- 
ous or recipient vessel will produce an 
increased influx of clear fluid into an 
aqueous vein. 

The blood aqueous border line ob- 
served in a particular vessel during com- 
pression may be shifted under our ob- 
servation to a more distal or to a more 
proximal spot, obviously according to the 
changing pressure relations in both sys- 
tems. Eventually, the border line may 
disappear in one or the other direction: 
the whole vessel under observation be- 


comes filled with corpuscles, or all blood 
escapes and the glass-rod phenomenon 
appears. 

The number of cases observed is not 
yet large enough to state whether one or 
the other kind of origin of aqueous veins 
is more often connected with a positive 
glass-rod phenomenon; up to this time, 
it has been found in eyes with any type 
of aqueous-vein origin. 

The question arose whether measurable 
factors may influence the equilibrium of 
these phases. A relationship could be pos- 
tulated between ocular tension on one 
side, and pressure in the recipient vessel 
on the other. The ratio of aqueous veins 
with producible glass-rod phenomenon 
to those which showed the blood-filling 
phenomenon, was about seven to five. In- 
traocular-pressure values have been 
found equally distributed over both 
groups; hence, intraocular pressure as 
an absolute value has no influence on the 
presence or absence of the glass-rod phe- 
nomenon. It may, however, influence this 
phenomenon in comparison with the pres- 
sure in the recipient vessels. 


TABLE 4 


INTRAOCULAR PRESSURE AND GLASS-ROD 
PHENOMENON 


Pressure in-mm. Hg 


(Schiétz) 11 | 13 15|17|19| 22 


Number of cases with | 
glass-rod phenomenon | 2} 5} 2) — 
Number of cases without 
glass-rod phenomenon | 2 | 1} 2) 3] 2) 2 


Where a rhythmic influx of red blood 
corpuscles from a tributary into an aque- 
ous vein takes place, the red-cell waves 
usually enter the aqueous vein during an 
interval between two pulse beats. This 
observation is in accordance with the co- 
incidence of radial pulse with the forcing 
of clear fluid into a tributary of an aque- 
ous vein, as has been described. 
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The occurrence of the glass-rod phe- 
nomenon seems to be the same in the 
eyes of the Caucasian as in those of the 
Negro race. 


PHYSIOLOGIC FACTORS INFLUENCING THE 
RELATION OF AQUEOUS HUMOR TO BLOOD 
IN AQUEOUS VEINS 


Closing and opening of the lids. Fifteen 
experiments were performed to deter- 
mine whether opening and closing of the 
lids will induce any change in aqueous 
veins and especially in their content of 
red blood cells. Since there are so many 
variables that cannot be controlled, the 
results are to be used with caution. Clos- 
ure of the lids will influence aqueous 
veins, if at all, concomitant with dark- 
ness, mydriasis, and in some instances 
with upward rotation of the bulbus. 
When, after the reopening of the lids, 
a particular aqueous vein is again exam- 
ined, we must take into consideration a 
possible influence that illumination, mio- 
sis, and ocular movement could have ex- 
erted in the meantime. For this reason 
the most impressive experiments were 
those that confined themselves to the ef- 
fect of instantaneous reflectory blinking. 
In 8 of these 15 experiments, the influ- 
ence of instantaneous reflectory blinking 
was compared with that of voluntary lid 
closure, and in all but one the same 
effect on the aqueous veins was observed 
after both kinds of lid closure. 

In 10 of 15 experiments a definite in- 
crease of the red-cell content was ob- 
served, This increase took place immedi- 
ately after the observed lid movement 
(fig. 11). The influx of red blood cells 
into aqueous veins previously free of 
them or containing, prior to the lid move- 
ment, a smaller number of them, fre- 
quently lasted not more than one second. 
If not observed immediately after the re- 
opening of the lids, the increase in the 
number of red cells failed to be noticed. 


There was no definite relationship be. 
tween increase of red blood cells due to 
blinking and the presence or absence of 
the glass-rod phenomenon. In one case 
however, in which the glass-rod phenom. 
enon always proved to be very vigorous, 
neither blinking nor prolonged closure of 
the lids was followed by an increase of 
red blood cells in the aqueous vein. 

In two of the patients who exhibited 
a definite increase of red cells after blink. 
ing, the following additional experiment 
was made: At a site corresponding to the 
position of the aqueous vein under obser- 
vation the lid was gently pulled away 
from any contact with the bulbus (fig. 
12). When this precaution was taken, the 
blinking of the three other lids did not 
influence the red-cell content in the aque- 
ous vein which could not be touched by 
the corresponding lid. 

It may be concluded that in the cases 
of increase of red-blood-cell content after 
lid winking the mechanical pressure of 
the lid is the main factor in inducing 
this increase. 

In the five experiments that did not 
result in an increase of red blood cells 
after blinking or closing the lids for a 
longer period, the opposite phenomenon 
was never present ; a depletion of red cells 
occurred in none of them. 

I believe the following conclusion is 
justified: Lid movements are a mechani- 
cal factor apt to increase, probably by 
direct pressure on blood vessels, the 
amount of red blood cells in an aqueous 
vein or/and in its recipient vessel. Rela- 
tively low pressure in the aqueous vein 
seems to be a condition for this entrance 
of red blood cells, which does not occur 
in all cases. Rubbing of the lids may have 
the same consequence as lid closure or 


blinking. 


Light and darkness. The difficulties 
connected with the isolation of different 
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Figs. 11 and 12 (Ascher). Influence of lid pressure on aqueous veins. 

Fig. 11 (left). Blinking forces red cells into an aqueous vein. Mrs. R. L. M., white, aged 56 
years. Left eye: Nasally below the limbus, an ascending aqueous vein receives a small sanguineous 
tributary. No blood cells are visible in the aqueous vein before the emptying of this tributary. 
The lower part of this picture shows the appearance after blinking. The whole aqueous vein was 
filled with red corpuscles. One or two seconds later, the lower section of the aqueous vein was 
again as clear as it was before the blinking. 

Fig. 12 (right). Entrance of clear fluid into the tributary of an aqueous vein, following re- 
traction of the lid. Kenneth R., white, aged 16 years. Right eye: In the temporal lower quadrant, 
two small venous tributaries empty into an aqueous vein. a, With the lids in normal position, the 
blood columns of both tributaries reached the aqueous vein exactly at the point of emptying. Then 
the blood continued to flow along the corresponding vessel wall. b, After passive retraction of the 
lower lid, clear fluid entered the tributary for a short distance and in a direction opposite to the 
original flow of blood. A pulsating transverse border line was formed where sanguineous and 
watery phases met. When the lid was again released, the original appearance was reproduced. 
Blood and clear fluid responded momentarily to the changes of the lid position. 


For the first 6 experiments, the pa- 
tients were asked to close their lids for 
20 to 40 minutes and, after the lapse of 


factors influencing the red-cell content 
of aqueous veins pertain also to the ques- 
tion of influence of light and darkness. 


In 17 experiments performed for this 
purpose, 11 are included in which illu- 
mination alone (no lid movements) could 
have exerted an influence. For certain 
reasons, changes in the pupillary diameter 
could not be excluded in this series. 


this time, were sent out of the dark room 
and exposed for 10 to 60 minutes to 
bright sunlight reflected from the street 
and the houses opposite the Hillman Hos- 
pital. In the second series, 11 experiments 
were carried out with volunteers and with 
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patients seated for 20 to 40 minutes in an almost dark 


room but repeatedly requested not to close their lids - 
After this period of darkness, the eye was illuminated int 
for 1 to 10 minutes with the largest beam of the Gyl. ke 
strand slitlamp kept on the pupil but not directed toward pr 
the macula. mi 

In the first series of six experiments, three aqueous tic 
veins showed upon repeated observations an increase sh 
of red blood cells after the period of lid closure in the si 
dark room, and a depletion of the aqueous veins after ' 
exposure to bright light. In the course of the other “s 
three experiments, however, these changes could not ye 
be observed, neither did the opposite occur. In other ) 
words no change at all was observed in these three cases, “ 

In the 11 experiments of the second series, eight pa- . 
tients showed a definite influence of illumination of the . 
eye previously kept in darkness but without closure of 5) 
the lids (fig. 13). - 

Here again, one of those whose aqueous vein was . 
not affected by change of illumination was a patient : 


with a very vigorous glass-rod phenomenon in the eye 
under observation. 

In one of the positive experiments I gained the im- 
pression that after exposure to bright light the current 


in the aqueous vein was markedly swifter. : 

It is admitted that these experiments are open to . 
criticism because of the concurrence of pupillary 7 
changes with those of illumination. It is hoped that these ; 
experiments may be repeated later under more exact 
conditions. 

In any case the actual effect of light or darkness on 
aqueous veins will be the same as described in these ex- 
periment whether or not other associated factors, chiefly 


iris movements, may be of decisive importance. A better 


Fig. 13 (Ascher). Gradual advance of clear fluid in an 
aqueous vein observed during illumination. Thelma L. §S., | 
white, aged 26 years. Left eye: a, Near the left upper nasal | | 
limbus, an aqueous vein originates with a figure-6-like loop, 
It contains clear fluid and produces obvious stratification after 
emptying into a regular vein. The volunteer was seated for 10 
minutes in a dark room and was asked to keep her lids open. 
b, After that period, the aqueous vein appeared to be filled with red blood corpuscles moving 
towards Schlemm’s canal, that is, just opposite to the previous direction of flow in that aqueous 
vein. c, A few seconds after illumination by the slitlamp had started, the whole loop was again 
filled with clear fluid. The red cells were pushed back. d, One minute after starting the illumina- 
tion, almost the entire aqueous vein contained clear fluid. Only the area near the junction with the 
recipient vessel was still filled with blood cells. These were seen to move slowly, to stop, and 
eventually to reverse their direction of flow. e, One-and-one-half minutes after starting illumina- 
tion, the aqueous vein was entirely clear. Below the junction, diluted blood was seen in the 
recipient vessel. f, Two minutes after starting illumination, stratification was again visible in the 
recipient vessel as it was before the experiment. 
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understanding of the intraocular-pressure 
‘ncrease observed in glaucomatous eyes 
kept in the dark, and of the opposite effect, 
pressure decrease in bright illumination, 
may be expected in view of these observa- 
tions on aqueous veins. Here attention 
should be directed only towards the pos- 
sible explanation, by means of aqueous 
veins, of a most interesting and not en- 
tirely explained fact (Duke-Elder**) ; 
namely, that the capillaries of the human 
eve dilate upon dark adaptation and con- 
strict upon exposure to light. In this 
connection it should be mentioned that the 
line of Ehrlich appears earlier and with 
greater intensity in the eye that had been 
subjected to repeated change from il- 
Jumination to darkness while in the fellow 
eye, kept shaded, the amount of dye en- 
tering the chamber was markedly lower 


(Pflugk**). 


Accommodation. In some instances, ac- 
commodation lasting for 20 to 40 minutes 
seemed to increase the red-cell content of 
aqueous veins. Accommodation was elic- 
ited by the reading of small print at the 
shortest possible distance, and individuals 
not older than 40 years were observed. 
They were asked to read uninterruptedly 
and to use their correcting glasses in case 
of ametropia. I should not fail to mention 
that other experimental conditions con- 
nected with narrowing of the pupils usu- 
ally favored the opposite effect ; that is, a 
decrease of the red-cell content in aque- 
ous veins, The number of experiments 
and the precautions for elimination of 
concurring factors, however, were not 
sufficient to permit decisive conclusions. 


Owing to the accepted opinion that the 
ciliary muscle exerts a suction effect on 
the scleral spur which may draw more 
fluid into the canal of Schlemm, I ex- 
pected the opposite effect; that is, a de- 
crease of red cells in the aqueous veins. 
This occurs in other conditions connected 
with miosis, or rather with expansion of 
the iris, whether induced by illumination 
or by drugs. 


Heart action. Whereas in the literature 
the independence of the conjunctival 
blood stream from pulsatory changes is 
accepted (Duke-Elder, l.c., v. 1, p. 225), 
I had repeated opportunity to observe 
pulsating phenomena of aqueous veins 
evidently synchronous with the heart ac- 
tion.* 

There are two kinds of pulsatory phe- 
nomena of aqueous veins: those occurring 
spontaneously and those that are not 
visible before provocation by mechanical 
or pharmacologic interference. 

Although two sorts of pulsations are 
observed under both circumstances, the 
hydrodynamic explanation of each may 
not differ essentially from the other. 
These two sorts of pulsatory phenomena 
can be described briefly as pulsatory in- 
flux of clear fluid, and as pulsatory in- 
flux of red blood cells. Both may occur, 
as mentioned above, spontaneously as 
well as after provocation. 

Spontaneous pulsatory influx of clear 
fluid takes place in a manner similar to 
that aforedescribed as pulsating trans- 
verse borderline after a glass-rod phe- 
nomenon has been induced. It is even 
more impressive because of its spon- 


* Since sending this paper to the printer I found that B. Graves (Brit. Jour. of Ophth., 1934, vol. 
8, p. 308, fig. 4) has observed pulsatory phenomena in conjunctival vessels. According to his 
description and picture, these pulsations could be due to entrance of clear fluid into aqueous veins, 
synchronous with the heart action, but they could also be only a collapse of the vein synchronous 
with the moment of lowest intravascular pressure. In Graves’s case, a differentiation could be 
obtained by observation of the level of the clear section as compared to the level of the sanguineous 
section. Should the clearing part of the vessel drop beneath the conjunctival surface, emptying 
of the vessel section is to be assumed. If the clear area retains, or even exceeds, its former level, 
entrance of a clear fluid, apparently aqueous humor, is the explanation. 
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Figs. 14 and 15 (Ascher), In- 
fluence of heart action on aque. 
ous veins. 

Fig. 14 (above). Spontane- 
ous pulsations in an aqueous 
vein. Mrs. R. L. M., white, aged 
56 years. Left eye: Where san. 
guineous and watery phases 
meet, a transverse pulsating 
border line was present. Some- 
times, this border line was 
shifted in the direction of the 


blood current synchronously with the peak of the radial pulse. 


Fig. 15 (below). Entrance of clear fluid into a sanguineous tributary synchronous with the 
heart action. Frances G., white, aged 57 years, January 26, 1942. Left eye: An aqueous vein 
emerging out of a scleral emissarium receives a venous tributary. The blood column of this 
tributary usually continues to flow along the nasal wall of the recipient vessel. Sometimes, how- 
ever, a rhythmic entrance of clear fluid into the tributary was observed. By the impact of this 
clear fluid, the red corpuscles were detained from entering the aqueous vein at a moment corre- 
sponding roughly to the peak of the radial pulse. During the interval between two pulse beats, 


red cells were allowed to enter from the tributary into the aqueous vein. 


taneous character (figs. 14, 15). 

The second kind of pulsatory change 
in aqueous veins is rhythmic influx of 
waves of red cells into an aqueous vein 
or into a tributary. These waves may be 
minute, barely visible groups of red cells 
or vigorous swarms of red cells temporar- 
ily obscuring the usually clear section of 
the vessel. In most cases these waves ar- 
rived in the intervals between two pulse 
beats of the radial artery. Exceptionally, 
coincidence of a red-cell wave with the 
peak of the radial pulse could be ob- 
served, 

Among the factors inducing occasional 
nonspontaneous pulsatory phenomena, 
compression of the recipient vessel and 
instillation of an adrenalin solution 
(1:1,000) are the most common. It 
should be mentioned, however, that the 


incidence of these rhythmic phenomena 
in aqueous veins is low. Including the 
provoked pulsations, these phenomena oc- 
cur in about one tenth of the eyes show- 
ing aqueous veins. The ratio of the spon- 
taneous pulsations is about one third of 
all eyes with pulsations in aqueous veins. 

The explanation of these phenomena 
is in accordance with that of the pulsa- 
tions described in the section on the glass- 
rod phenomenon. They are probably due 
to the rhythmic increase of intraocular 
pressure produced by the pulse wave that 
enters the uveal tract. Expansion of the 
clear fluid coming from Schlemm’s canal 
has to be synchronous with this increase 
of intraocular pressure; entrance of red 
cells has to be facilitated in the opposite 
phase of the heart cycle. Exceptional en- 
trance of red cells synchronous with the 
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radial pulse is in contradiction to this ex- 
planation which, however, will be, by 
this fact, invalidated for particular cases 
only. Whether a penetrating pulse wave 
may be admitted for these cases or not 
will not be discussed here. It may be 
mentioned, however, that the phenomena 
‘n discussion are in a certain sense anal- 
ogous to the pulsations observed in reti- 
nal veins. Although known for 90 years, 
these retinal venous pulsations have been 
under discussion for almost all of this 
time. 

Pulsations of aqueous veins as well as 
those of retinal veins occur in normal 
eves of subjects with normal circulatory 
apparatus although not in every normal 
eye. The incidence of the retinal venous 
pulse is higher than that of the aqueous 
venous pulse. On increasing the intra- 
ocular pressure by slight compression, 
the amplitude of the retinal venous pulse 
is usually increased, or a nonspontaneous 
pulse may be elicited (Duke-Elder**). 
Similarly, aqueous venous pulsations may 
be elicited by provoking the glass-rod 
phenomenon. 

Explanation of the pulse of both the 
retinal and the aqueous veins may be at- 
tempted by analogous considerations. It 
has been stated that the rhythmic expan- 
sion of the clear phase at the transverse 
border separating it from blood has been 
found to be synchronous with the peak 
of the radial pulse, as far as palpation 
of the latter and simultaneous observa- 
tion with the corneal microscope are con- 
sidered to be reliable. There may be slight 
differences in the exact timing of the 
radial-pulse peak and the observed ex- 
pansion of the clear fluid, but they are 
below the threshold of the average ob- 
server, Instrumental registration might 
give more exact results. In any case, the 
coincidence of the pulse beat and the 
fluid elimination is striking and is in an- 
ology to what may be observed in the 
pulsating retinal veins. Here, the collapse 


of the vein occurs just at the moment of 
the influx of arterial blood into the eye. 
While Tiirk** believed that the retinal 
venous pulse is due to a transmission of 
the arterial pulse wave via the capillaries, 
Donders’®”” recognized that the pulsatory 
increase of intraocular pressure is the 
main factor in the production of the 
retinal venous pulse. Comberg*’ con- 
cluded, from his own observations and 
from the evidence offered by my case 
report of 1920,'* that the explanation 
of Donders is justified. In my case, show- 
ing extra systoles, an increased filling 
of the pulsating venous section was ob- 
served during the whole period of the 
omitted beat. The next radial pulse wave 
was coincident with the emptying of that 
section of the vessel. Up to this time I 
have not had the opportunity to observe 
the pulsation of aqueous veins in an in- 
dividual with marked irregularities of 
the heart action. It is to be expected that 
here, too, similar to Kiimmell’s** observa- 
tions on retinal veins, the independence 
of the activity of the right auricle will be 
found. Moreover, in aortic insufficiency 
marked pulsations on the transverse bor- 
derlines are to be expected, according to 
the great difference between systolic and 
diastolic arterial pressure. 


INFLUENCE OF LOCAL CHANGES IN 
OSMOTIC PRESSURE 


Following the classic publications of 
Hertel,*® interest in the influence of os- 
motic conditions in relation to intraocu- 
lar-fluid production and elimination has 
never ceased. Observations on capillaries 
other than those of the eye after local 
application of hyperosmotic solutions 
were published by Wharton as early as 
1850. Exposed to concentrated solutions 
of different salts, the capillaries of the 
frog showed local stasis. The blood cells 
approached each other eventually so close- 
ly that no plasma was visible between 
them, and the cell borders disappeared. 
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Magitot,"” in discussing the extensive 
literature concerning the influence of os- 
motic pressure on conjunctival vessels, 
stated that in general every collyrium that 
is not isoOsmotic to the tears will provoke 
dilatation of conjunctival vessels. 

The tears are supposed to be isodsmotic 
to a sodium-chloride solution of 1.3 to 
1.4 percent (Duke-Elder*'). Cogan™ 
found a 1.5-percent solution of sodium 
chloride to be indifferent to the cornea 
in objective slitlamp examination as well 
as in subjective observation for colored 
rings. 

My preliminary experiments on aque- 
ous veins included 28 observations on 
eyes before and after instillation of so- 
dium-chloride solutions ranging between 
0.5 and 10 percent. 

Here, too, the concurrence of other 
factors may influence the results. The 
temperature of the drops to be instilled 
into the conjunctival sac was equal to 
that of the clinic room of Birmingham 
or Cincinnati, respectively, and always, 
even on the hottest summer days, was 
somewhat below body temperature. For 
exact evaluation, experiments with drops 
kept at about 34°C. should be added.*™* 
Thus, the drop would approximately cor- 
respond to the temperature of the con- 
junctival sac. One more source of error 
is the repeated illumination by the slit- 
lamp of the eye under observation. To 
minimize this annoyance I always en- 
deavored to avoid illuminating the pupil 
itself by the slitlamp beam. 

It can be stated as a preliminary that 
instillation of one or more drops of a 
sodium-chloride solution of 0.5, 0.9, and 
1.0 percent did not induce marked 
changes over an observation period of one 
hour. 

Instillation of sodium-chloride solu- 
tions of 2, 3, 5, and 10 percent provoked 
an increase in the red-cell content of the 
aqueous veins in 18 of 20 experiments. 


In two negative cases, one eye had 

filtrating scar after a trephining Opera- 

tion, the aqueous vein being situated near 

the filtration cushion; in the other case. 

the first observation was made as late 

as 10 minutes after the administration 

of the drops. The increase of red elf, 

in the aqueous veins, however, was ob. 

vious immediately after the instillation of 

the hyperosmotic solution, as soon as the 

patient or volunteer was able to reopen 

his lids following reflex closure after 

instillation of the drop. The time between 

instillation and observation was usually 
a very short one; in some of the eyes 
studied the lids reopened even one or 
two seconds after instillation. The ep- 
trance of a higher amount of red cells 
into the fluid passing the aqueous veins 
could not be explained by the lid closure 
which, in the foregoing experiments, was 
seen to induce the same effect. While. 
after blinking, the influx of red blood 
cells generally lasted for a few seconds 
only, the instillation of hyperosmotic s0- 
lutions produced the same effect for a 
period of minutes up to half an hour 
or somewhat longer. There was no 
marked constancy in the ratio between 
the concentration of the solution instilled 
and the time of the increased influx of 
red cells. It seemed, however, that with 
the use of the higher concentrations—5 
and 10 percent—the effect lasted longer 
than after instillation of the weaker 
solutions. After the 10-percent solution 
was instilled, the course of the red-cell 
content was rather typical, showing a sud- 
den filling, so that no clear fluid and no 
cell movement was observable, and a very 
slow and gradual return to the former 
stage of the aqueous vein. The sudden 
increase of blood-cell content was the 
same when the weaker solutions were 
used; the return, however, was not so 
slow as after the use of the stronger 
solutions. In the experiments employing 
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the 3-percent sodium-chloride solution, 
some eyes showed indentations of the 
vessel walls, the explanation of which may 
be postponed. 

Stasis, mentioned by Wharton in his 
description of frog capillaries exposed 
to hypertonic solutions, has never been 
observed in aqueous veins after adminis- 
tration of sodium-chloride solutions rang- 
ing between 0.5 and 10.0 percent. When 
there is an increase of the red-cell con- 
tent up to the point of indiscriminability 
of single, or groups of, erythrocytes, the 
decision whether movement is present or 
not may become difficult. In the experi- 
ments described I felt entitled to assume 
movement and not stasis for the follow- 
ing two reasons : 

1. The color of the aqueous veins was 
bright red after the instillation of hyper- 
tonic solutions while, in case of stasis, a 
change to the dark red of reduced hemo- 
globin might have been expected. 

2. When, after a shorter or longer pe- 
riod of indiscriminability, the erythro- 
cytes again became distinguishable, their 
movement was very rapid at first, then 
slowed down during further observation. 
In the presence of stasis, an initially 
slow and increasingly quicker movement 
was to be expected. 

Whether hyperosmotic solutions may 
produce stasis in other conjunctival ves- 
sels will not be discussed here. The in- 
crease of red-blood-cell content is obvious 
in regular conjunctival as well as subcon- 
junctival vessels after instillation of 
hyperosmotic solutions. Thus, the influx 
of red cells into the aqueous veins could 


be explained by their increased number 
all over the pericorneal meshwork. Due to 
its unidirectional permeability,’*” the 
cornea will permit entrance of ionized 
sodium chloride into the anterior cham- 
ber and, when a higher concentration is 
reached there, the eliminated fluid may 
exercise influences on the channels it 
passes. The sudden change in the red-cell 
content after instillation of hyperosmotic 
solutions suggests an immediate influence 
on the superficial vessels and, in this way, 
consequently on aqueous veins also, rath- 
er than a primary direct influence on 
aqueous veins via the anterior chamber. 
These considerations, however, deserve 
further experimental elaboration. 

When the increase of red blood cells 
was no longer observed, some of the 
aqueous veins seemed to be less filled with 
erythrocytes than they were before the in- 
stillation of the hyperosmotic solution. 
The 3-percent sodium-chloride solution 
especially induced this reaction. 

Very deeply situated aqueous veins or 
recipient vessels reacted in the same way 
and with the same rapidity. 

Since there are so many variables 
which in part concur in their effect and in 
part exercise an opposite influence on the 
aqueous veins, considerable caution is 
necessary in making observations and 
even more in drawing conclusions as to 
single factors. 

At first glance, an antagonism is ob- 
vious between the blood content and the 
clear-fluid content in the aqueous veins. 
It would seem that any factor enhancing 
one of these phases will interfere with 


FACTORS INFLUENCING THE CONTENTS OF THE AQUEOUS VEINS 


Factors Enhancing the 
Outflow of Aqueous Humor 


Factors Decreasing the 
Red-cell Content 


Factors Increasing the 
Red-cell Content 


Light Light 
Active lid opening 
Retraction of lids 
Heart systole 


Active lid opening 
Retraction of lids 
Heart systole 


Darkness 

Lid closure 

Blinking 

Heart diastole 
Hyperosmotic collyria 
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the other. This rule may be applied to 
such mechanical factors as lid pressure 
and heart action: closing of the lids, even 
blinking of short duration, forces the red 
cells into the aqueous veins and increases 
the red-cell content in the recipient ves- 
sels, whereas opening or passive retrac- 
tion of the lids facilitates the outflow of 
clear fluid. The pulse wave arriving in the 
eye tends to force out fluid from 
Schlemm’s canal so that a rhythmic pres- 
sure increase may become visible on the 
manometerlike transverse border lines. 
The sanguineous phase, on the contrary, 
gains superiority in the intervals between 
the pulse beats. 

While the influence of the heart action 
seems to be independent of the size and 
the situation of the aqueous vein, lid 
movements more easily and more regular- 
ly affect the smaller and superficially lo- 
cated aqueous veins than those with larg- 
er diameters, lying in the subconjunctiva. 

Among the most interesting observa- 
tions are those on eyes alternately sub- 
jected to illumination and to darkness, In 
some instances, the filling of an aqueous 
vein with clear fluid begins a few sec- 
onds after exposure of the eye to the 
slitlamp beam. The filling with red cells 
during the period in darkness can be re- 
peated, in certain eyes, ad libitum, and is 
followed by depletion as often as the 
eye is subjected to illumination. This re- 
sponse is not present in every eye. It 
seems to me that it is more easily ob- 
served in aqueous veins originating with 
a figure-6-like loop, but it occurs also in 
small aqueous veins with a U-like origin. 
These observations suggest a relationship 
between pupillary movements and elim- 
ination of intraocular fluid. They seem to 
support the great importance attributed 
by Seidel® and by Serr*? to the changes 
of the pupil as hindering or aiding the 
drainage of the intraocular fluid. Expan- 
sion of the irls during miosis not only 
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mechanically opens the chamber angle by 
apparently also gives Opportunity for 
more abundant fluid elimination via ty 
aqueous veins. Whether ciliary-musele 
action on the scleral spur or increase of 
the vascular bed in the iris plays a part iy 
this process cannot be discussed here 
Duke-Elder** suggested that light has , 
direct effect on conjunctival vessels. To 
determine whether it may influence aque. 
ous veins directly, investigations might be 
conducted on blind eyes. 


SUMMARY 


Aqueous veins are biomicroscopically 
visible pathways of blood-vessellike ap. 
pearance, containing a clear colorless 
fluid or diluted blood, and intercalated, 
probably via Schlemm’s canal, between 
intraocular fluid on one side, and con- 
junctival and subconjunctival veins on 
the other. Anatomically, they are con- 
nected with, or a part of, the intrascleral 
meshwork. 

Not every vein actually containing 
dilute blood should be called an aqueous 
vein. Most of them are recipient vessels 
only. An aqueous vein should be diag- 
nosed just where the origin in or near the 
limbus corneae is visible, or where the 
vessel emerges from a scleral emissarium 
or out of the limbal meshwork. 

Many outlets of Schlemm’s canal join 
relatively large veins before leaving the 
sclera; this is in accordance with his- 
tologic facts and explains why the clear 
content of such an outlet will be mixed 
with blood to a degree that entirely con- 
ceals the presence of the fluid originally 
free of, or poor in, red cells. 

The occurrence of aqueous veins is as- 
sociated with neither sex nor age. As a 
rule, the distribution in both eyes of the 
same person is symmetrical. There is a 
familial similarity in the location and ap- 
pearance of aqueous veins. 


Stratification visible in the aqueous 
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veins or in the recipient vessels is caused 
by the presence of two or more currents 
of fluid differing from each other by red- 
cell content and most certainly also by 
chemical composition. The maintenance 
of separated strata over shorter or longer 
sections of aqueous veins or recipient 
conjunctival or subconjunctival veins is 
analogous to similar phenomena in the 
circulation of the tongue, and in the 
mesenterium of the frog, and in the 
spleen of mammals. The significance, 
however, is different in each instance. In 
the aqueous veins and recipient vessels, 
aqueous humor and blood may run in par- 
allel separated streams in the same ves- 
sel, whereas the stratification in the 
tongue and in the mesenterium of the 
frog is due to differences in rapidity of 
flow of a peripheral coat of plasma and an 
axial stream of red cells. In aqueous 
veins, the red cells and the aqueous phase 
continue to stream along the vessel cor- 
responding to the site of their entrance. 
If there is a tripartite stratification, the 
axial stream is free of, or poor in, red 
cells, which are confined to the peripheral 
strata; this picture is the opposite of that 
observed in small vessels of the frog. 
Stratification has nothing to do with light 
reflexes, as might be supposed in view of 
the remote resemblance between aqueous- 
vein stratification and the bright stripes 
observed in retinal and in conjunctival 
vessels. 
The entrance and temporary presence 
of lymph derived from the posterior 
lymph heart of the frog has been ob- 
served in its renal vessels. This observa- 
tion is apparently the only analogy in 
vertebrate physiology to the simultaneous 
visibility of blood and aqueous humor in 
aqueous veins. The elimination of cere- 
brospinal fluid is not observable micro- 
scopically, but it is proved by a reduction 
in the red-cell content of the intracranial 
veins as compared to the red-cell content 


in the paw of the dog. In this sense, it pre- 
sents another analogy to the elimination 
of aqueous humor through aqueous veins. 

Upon considering the available values 
for speed of movement in conjunctival 
vessels on the one hand, and for the num- 
ber and the cross section of the outlets of 
Schlemm’s canal on the other, we reach 
an approximate accord between the 
amount of fluid possibly eliminated by the 
aqueous veins and the estimation of 
Friedenwald and Pierce, exclusive of the 
amount of water leaving the eye by molec- 
ular action. 

When a recipient vessel is compressed 
below the entrance of an aqueous vein 
into it, the fluid forced in under relatively 
higher pressure will expel the other fluid 
from the blocked section. Filling of the 
latter by clear fluid is referred to as the 
glass-rod phenomenon. It is not due to an 
emptying of the particular vessel section, 
neither is it due to a sedimentation of red 
blood cells. It is a real expulsion by clear 
fluid of the sanguineous content. The 
higher the pressure potential of the aque- 
ous phase, the more easily invoked, the 
more regular, and the longer maintained 
will the glass-rod phenomenon be. There 
is no relation between intraocular pres- 
sure and provocability of the glass-rod 
phenomenon. 

Closure of the lids tends to increase the 
red-cell content in aqueous veins while ac- 
tive opening as well as passive retraction 
of the lids increases the amount of clear 
fluid. 

Darkness tends to decrease or even to 
reverse the outflow through aqueous 
veins, whereas bright illumination tends 
to increase the outflow of clear fluid. 

Influx of clear fluid may occur syn- 
chronously with the heart action. The 
same rhythms may be observed when a 
pulsatory influx of red blood cells into 
an aqueous vein takes place. As a rule, the 
influx of clear fluid is synchronous with 
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the peak of the radial pulse. The same is en obvious confirmation to the fact of : 
true of the increase of clear fluid in an continuous fluid elimination from the in. 
aqueous vein or in a recipient vessel tact human eye, according to Leber’s the. 
where a transverse manometerlike border ory. Continuous formation of intraocula; 
line has separated the aqueous from the fluid is postulated to balance at least the 


sanguineous phase. amount of fluid leaving the eye by the 
Instillation of sodium-chloride solu- aqueous veins. 
tions of definitely hyperosmotic concen- The aqueous veins offer the opportuni. 


tration increases the amount of red cells ty for further pharmacologic and patho. 
in aqueous veins and in recipient vessels. logic research. 
The detection of aqueous veins has giv- (To be concluded) 
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SULFONAMIDE CONTENT OF AQUEOUS HUMOR FOLLOWiIng 
CONJUNCTIVAL APPLICATION OF DRUG POWDERS* 


(EFFECT OF INFLAMMATION ) 


Epwarp GALLARDO, M.D., AND RICHARD THOMpson, M.D. 
New York 


Published reports have indicated that 
significant concentrations of sulfonamide 
drugs could not be obtained in the ocular 
aqueous fluid by the instillation of solu- 
tions into the conjunctival sac (Mengel,’ 
Guyton,? Luo and P’an*). 

Guyton? found that by the application 
of 5-percent sulfanilamide ointment (col- 
loidal suspension in sodium alginate—aqua- 
phor—petrolatum-—castor-oil base) into the 
conjunctival sacs of rabbits he could ob- 
tain, in the aqueous humor, concentra- 
tions between 26.9 and 39.9 mg. per- 
cent. Luo and P’an* succeeded in pro- 
ducing somewhat higher aqueous fluid 
concentrations (44.4 mg. percent) by 
dusting sulfanilamide powder onto hu- 
man conjunctivas. P’an* placed 100 mg. 
of finely divided sulfanilamide powder 
into the conjunctival sacs of 17 rabbits 
and after keeping the lids closed for one 
hour found a mean drug level in the 
aqueous fluid of 54.8 mg. percent. Guy- 
ton,? using 5-percent sulfapyridine oint- 
ment in rabbits, obtained between 0.6 and 
2.4 mg. percent in the aqueous fluids; 
concentrations much below those which 
he found with sulfanilamide. Robson and 
Tebrich® kept solutions of sodium sulpha- 
cetamide in contact with eyes of rabbits 
by means of celluloid funnels kept in posi- 
tion by purse-string sutures. Using 2.5- 
percent solutions, they obtained average 
aqueous concentrations of about 18 mg. 
percent in 30 minutes; using 30-percent 
solutions, concentrations of 300 to 350 


*From the Departments of Ophthalmology 
and Bacteriology, College of Physicians and 
Surgeons, Columbia University, and The Pres- 
byterian Hospital. 


mg. percent were obtained in the same 
time. 

In the work reported here the passage 
of sulfanilamide, and less extensively of 
other sulfonamide compounds, from the 
rabbit’s conjunctiva to the aqueous humor 
has been studied, the rate of disappear- 
ance of sulfonamide from the aqueous 
was determined, and an attempt was made 
to ascertain the effect of inflammation on 
the absorption of sulfanilamide from the 
conjunctiva. 


Methods. Weighed quantities of the finely 
divided drug powders were dusted into the 
conjunctival sac of full-grown rabbits and left 
for varying periods. The powders remained in 
pastelike masses in the lower sacs for periods 
up to 90 minutes, providing constant reservoirs 
of the drugs. Before the aqueous fluids were 
removed the conjunctivas were washed by thor- 
ough irrigation with lukewarm tap water. The 
rabbits were then anesthetized by ether and 01 
or 0.2 c.c. quantities of the aqueous fluids re- 
moved with tuberculin syringes and 27-gauge 
needles. After one removal of aqueous the eyes 
were left to rest for a week or more. In the 
“disappearance” experiments the drop in level 
was determined by using several animals at each 
interval and determining the mean drug levels. 
The fluids were placed in 4-c.c. quantities of 
distilled water and 1.0 c.c. of 15-percent tri- 
chloracetic acid added to each to precipitate the 
proteins. After standing overnight in the cold 
the solutions were contrifuged and the drug 
concentrations determined by the colorimetric 
method of Marshall.® 


SULFANILAMIDE 


In preliminary experiments with re- 
peated applications of different quantities 
of sulfanilamide powder (up to 100 mg.) 
for varying periods of time (up to five 
hours) somewhat irregular results were 
obtained, but in some cases levels of 90 
mg. percent were found. For the study of 
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TABLE 1 
RATE OF PASSAGE OF SULFANILAMIDE FROM CONJUNCTIVA TO AQUEOUS HUMOR 
(50 MG. POWDER IN SAC) 


| 15 


Powder remained in sac (minutes) 


30 | 45 60 | 90 


Number of measurements | 28 


Mean level (mg. percent) 


| 12.545.5 | 24.2419. | 32.8413. 


36.3420. | 32.8+7.3 


the rate of absorption one application of 
50 mg. powder was used. Table 1 shows 
the number of measurements made and 
the mean levels with their standard devia- 
tions. 

The maximum concentrations were 
reached in 45 to 60 minutes. Measure- 
ments later than 90 minutes would be 
complicated by the irregular exhaustion 
of the drug reservoirs in the sacs. The 
marked variation in individual measure- 
ments was not due entirely to variations 
in animals, for with repeated tests on 
identical animals, the same animals 
showed levels both above and below the 
mean values. 

For the determination of the rate of 
fall of drug concentration in the aqueous 
after removal of the reservoir from the 
conjunctivas, the drug was washed out of 
the sacs of a group of rabbits after 90 
minutes and the aqueous fluids were re- 
moved at varying intervals following this. 
(No eye was tapped more than once dur- 
ing each experiment.) Table 2 shows the 
mean drug levels remaining after an in- 
terval of 1, 2, and 3 hours following re- 
moval of the reservoir. 

Both total and free sulfanilamide con- 


centrations were measured in a number 
of instances at the two- and three-hour 
periods. The total figures were no higher 
than the free, indicating that the drug was 
not being acetylated in the anterior cham- 
ber. 


OTHER SULFONAMIDE COMPOUNDS 


The absorption of sulfapyridine, sul- 
fathiazole, sulfadiazine, and sulfaguani- 
dine was tested in the same way, using 
50-mg. quantities of the ground powders 
in the conjunctival sacs. The aqueous con- 
centrations obtained were in all cases 
much below those from sulfanilamide. In 
the 15- and 30-minute periods no, or only 
very slight, traces of any of the com- 
pounds could be detected in the anterior- 
chamber fluids. At the 45- to 60-minute 
periods the following variations in levels 
were found: Sulfapyridine, trace to 5.3 
mg. percent ; sulfathiazole, 0 to 2 mg. per- 
cent ; sulfadiazine, 0 to trace; sulfaguani- 
dine, 0 to trace. These results may be 
compared with the differences in the be- 
havior of the drugs noted by previous 
workers. Guyton’s? comparison of the 
passage of sulfapyridine from the con- 
junctiva to the aqueous with that of 


TABLE 2 


SULFANILAMIDE LEVELS IN AQUEOUS AT DIFFERENT PERIODS AFTER REMOVAL 
OF THE DRUG RESERVOIR FROM THE CONJUNCTIVA 


(50 MG. POWDER LEFT IN SAC 90 MINUTES) 


Time after removal of drug 


Immediately! One hour | Two hours | Three hours 


Number of measurements 


| 


Mean concentration of sulfanilamide in aqueous 
(mg. percent) 


32.84+7.3 | 16.2+5.7 | 6.7+2.3 | 3.0+2.2 
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sulfanilamide has been cited. Several 
workers have noted that with local appli- 
cation elsewhere than to the eye other 
compounds are absorbed much more 
slowly into the blood than is sulfanila- 
mide (sulfathiazole: Hawking and 
Piercy,” Goodman and Findlay ;* sulfa- 
pyridine: McIntosh and Selbie,? Goodman 
and Findlay*). Bellows and Chinn’ and 
Scheie and Souders" also noted that after 
oral administration, sulfathiazole  es- 
pecially passed much less readily into the 
aqueous from the blood than did sul- 
fanilamide. Sadusk et al.2 and Spink and 
Hansen™ made similar observations re- 
garding the passage of sulfathiazole to 
the spinal fluid. 

Davis** has suggested that differences 
in aqueous and spinal-fluid levels obtained 


TABLE 3 
COMPARISON OF MEAN AQUEOUS FLUID LEVELS 
WITH THE WATER SOLUBILITY AND ALBUMIN- 
COMBINING CAPACITY OF FOUR SULFA DRUGS 


Mean Water | Albumin- 
Level Solubil- Com- 
in 45 ities bining 
Drug minutes | 37° C.* | Capac- 
mg. gm. itiesT 
percent | percent | percent 
Sulfanilamide 32.8 1.400 20 
Sulfapyridine 35 0.05 40 
Sulfathiazole 1 Be 0.096 75 
Sulfadiazine Trace 0.0123 55 


* Various sources. 
Davis. 


following the oral administration of the 
various sulfa drugs may be due to differ- 
ences in the blood—albumin-combining 
power of the drugs. It may be that some 
such factor or factors affect the passage 
through the cornea, since, as is seen in 
table 3, the aqueous-fluid levels obtained 
are not entirely correlated with the water 
solubilities. Sulfathiazole is more soluble 
than sulfapyridine but has a higher com- 
bining capacity, which.may prevent its 
free passage through the cornea (?). The 
high-solubility and low-combining capac- 
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ity of sulfanilamide together Could x. 
count for the markedly higher level 
obtained with this drug, but it would no 
necessarily imply an optimum anti-bae. 
terial action in all types of infection, 

Meyer e¢ showed that Sulfapyr. 
dine is bound in vitro to corneal tissue 
after suspending or grinding it with M/s 
phosphate buffer pH 7.2, containing 10 
mg. percent of the drug. The concentr. 
tions attained were 10.2 to 10.5 mg. per: 
cent by suspension and 13.4 to 142 mg. 
percent by grinding. 


THE EFFECT OF INFLAMMATION upoy 
DRUG CONCENTRATIONS IN THE 
AQUEOUS FLUID 


Since, in practice, the local application 
of sulfonamide compounds would 
chiefly indicated in the presence of in. 
flammation, an attempt was made to de. 
termine the effect of ocular inflammation, 
induced in several ways, upon the passage 
of sulfanilamide into the aqueous. 


Local application of mustard oil. In 
the first series of experiments mustard 
oil was used as the irritant. Two to three 
drops of 10-percent oil in petrolatum were 
instilled into one eye of each animal, the 
other eye in all cases being used asa 
control eye. At the times specified (18 
hours or 8 to 9 days) following the ap- 
plication of the oil, 50-mg. portions of 
sulfanilamide were placed in both eyes 
and allowed to remain for 15 minutes 
The eyes were then washed and the drug 
concentrations in the aqueous fluid meas- 
ured as in the previous experiments. 

In a group of 10 rabbits the mean drug 
level in the inflamed eyes (18 hours fol- 
lowing the application of mustard oil) 
was 80.5 +47 mg. percent. The mean 
level in the 10 noninflamed eyes of the 
same animals was 10.3 + 5.62 mg. per 
cent. Accepting the mean level of all cor 
trol eyes at the 15-minute period (12.5+ 
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5.5 mg. percent) as the more conservative 
figure, gives a difference between means 
of 68, with a standard error of 15. The 
mustard oil significantly increased the 
passage of the drug into the anterior 
chamber. 

Increased absorption was evident up to 
four days following the application of the 
oil, but the number of animals used was 
not sufficiently large to permit us to draw 
conclusions, in view of the wide normal 
variation. In 14 animals tested 7 to 9 days 
following instillation of the irritant, the 
absorption in the irritated eyes was ir- 
regular: in some cases more, in others 
less, than in the control eyes. 

It is generally recognized that destruc- 
tion of the corneal epithelium accelerates 
the absorption of miotics and mydriatics. 
Since mustard oil causes not only acute 
inflammation of the ocular tissues but also 
destruction of the epithelium, it was 
necessary to determine whether the in- 
creased drug concentration was due to this 
destruction. As a means of inducing in- 
flammation without causing dispropor- 
tionate amounts of epithelial destruction, 
and incidentally more closely simulating 
the actual conditions under which the 
drugs would be used, infection of the 
anterior chamber with hemolytic strepto- 
cocci was chosen, 


Streptococcal infection of the anterior 
chamber. Eighteen-hour blood-broth cul- 
tures of hemolytic streptococcus C203 
were diluted 1 to 50 in broth. By means 
of no.-27 needles and tuberculin syringes, 
0.05-c.c. quantities of the dilute were in- 
jected into the anterior chambers. 
Through previous experience with this 
strain it was known that this dosage 
would induce a definite inflammatory re- 
action within 24 hours, unaccompanied 
by a purulent secretion that would make 
the withdrawal of aqueous fluid imprac- 
ticable. 


The right eyes of 12 rabbits were in- 
fected with the streptococci and the sul- 
fanilamide absorption in both infected 
and noninfected eyes was tested 24 hours 
later. Unfortunately, for statistical com- 
parison, the drug levels were measured 
after different periods of absorption: 15, 
30, 45, and 60 minutes. The concentra- 
tions are shown in table 4. 


TABLE 4 
SULFANILAMIDE CONCENTRATIONS IN THE 
AQUEOUS FLUIDS 24 HOURS FOLLOWING 
STREPTOCOCCAL INFECTION 


Sulfanilamide Drug Concentrations 
Remained mg. percent 
in Sacs 
minutes Infected Eyes | Control Eyes 
15 7.5 
15 25.4 10.4 
15 14.8 10.8 
30 21.7 7.8 
30 45.5 32.6 
30 23.4 15.4 
45 25.9 28.6 
45 42.9 42.9 
45 71.4 53.6 
60 150.0 45.5 
60 65.2 60.5 
60 35.7 25.0 


Although the number of determinations 
in each group was not sufficient to permit 
statistical conclusions to be drawn, it is 
interesting to note that in all but two 
cases the concentrations of drug in the 
infected eyes were somewhat greater (ian 
in the control eyes. However, instillation 
of fluorescein solution again showed stain- 
ing of the corneas in the inflamed eyes, 
indicating a degree of epithelial destruc- 
tion that might account for an increased 
drug absorption. 


Inflammation induced by intravenous 
injection of foreign protein. Von Szily”® 
noted inflammatory changes in the uveal 
tracts of normal rabbits following the 
parenteral injection of proteins. We"’ 
have frequently observed circumcorneal 
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and conjunctival capillary congestion fol- 
lowing the intravenous injection of ty- 
phoid bacilli. It seemed possible that an 
inflammation of the ocular tissues without 


TABLE 5 


SULFANILAMIDE CONCENTRATIONS THE 
AQUEOUS FLUIDS OF RABBITS SUBMITTED TO 
INTRAVENOUS INJECTION OF KILLED TYPHOID 

BACILLI (PROTEIN SHOCK) 
(50 MG. SULFANILAMIDE LEFT IN CONJUNCTIVAS 
15 MINUTES) 


Mean 
Number Level of 
of Eyes 
Measured Drug 
mg. percent 
1. ‘‘Shock”’ animals 12 6.2+4.2 
2. Control animals in- 
jected simultaneously 5 1s +5 
3. All control animals 28 17.35.35 


Standard error of difference between 1 and 
3=6.3 +1.5. 
Difference + Standard error = 4.2. 


any epithelial denudation might be ob- 
tained in this way. 

Eighteen-hour agar-slant cultures of 
the Goethals strain of typhoid bacillus 
were suspended in saline, standardized 
by turbidity measurements, and killed by 
heating to 60°C. for one hour. Approxi- 
mately 300 million bacilli were injected 
intravenously into the rabbits to be tested. 
Eighteen hours later measurements of 
sulfanilamide absorption into the aqueous 
fluid were made in the way previously 
described on these rabbits and on control 
untreated animals. The concentrations 
found after 15 minutes’ contact with the 
drug are shown in table 5. Under the con- 
ditions of the experiment it was necessary 
to use eyes in separate animals for the 
control eyes. 

The mean drug concentration in the 
protein-injected animals was significantly 


below that of all the control anima 
Using the more conservative mean of the 
total number of controls the difference 
was more than four times its standard 
error. 

The unknown complicating factors jp 
such an experiment are probably too ny. 
merous to permit of drawing the final cop. 
clusion that inflammation per se dimip. 
ishes the absorption of the drug and tha 
the increased absorption in the previoys 
experiments was entirely due to denuda. 
tion of the corneal epithelium. Neverthe. 
less our results suggest very strongly that 
this may be the case. For practical pur- 
poses it seems likely that a sufficient ab- 
sorption to reach effective concentrations 
may be possible regardless of the type of 
inflammation. 


SUMMARY 


Acute inflammation produced by mus- 
tard oil in the conjunctiva or by strepto- 
coccal infection of the anterior chamber 
increased the passage of sulfanilamide 
into the aqueous fluid. The increase may 
have been due entirely to injury of the 
corneal epithelium, since intraocular in- 
flammation by the intravenous injection 
of killed typhoid bacilli definitely dimin- 
ished passage of the drug. Even with this 
inflammation, however, effective aqueous- 
fluid concentrations could often be dem- 
onstrated. 

Of the drugs tested by local application, 
the higher levels in the aqueous humor 
were obtained with sulfanilamide. 

We wish to acknowledge our indebted- 
ness to Miss Eleanor Chaffee who made 
most of the colorimetric determinations. 

635 West One Hundred Sixty-fifth 

Street. 
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ORBITAL METASTASIS FROM TUMOR OF THE PANCREAS* 


REPORT OF TWO CASES WITH NECROPSY FINDINGS? 


Haroitp R. SNIDERMAN, M.D. 


Toronto, Canada 


The occurrence of carcinoma deep in 
the orbit without involvement of the 
globe, lacrimal gland, or skin is rare. As 
far as could be determined in the litera- 
ture reviewed, the occurrence of adeno- 
carcinoma of the orbit, originating in the 
pancreas, has never been recorded. It is 
because of this feature that the cases to be 
reported are instructive. 

In 1931, Burch' reported a case of 
malignant tumor of the orbit metastatic 
from the adrenal gland, and in a thorough 
review of the literature found only 25 
previously reported cases of metastatic 
orbital tumor, in the majority of which 
the tumor had developed from a carci- 
noma of the breast. Birch-Hirschfeld? col- 
lected 1667 cases of orbital tumor, of 
which 693 were benign, 710 were sarco- 
matous, and 264 were malignant tumors 
of epithelial origin. Most of the last- 
named group were the result of direct 
extension from either the neighboring 
sinuses or brain, or from the eyelids, 


*From The Department of Ophthalmology, 
Cincinnati General Hospital, Cincinnati, Ohio. 

Necropsy reports were prepared by Dr. 
William Urville Neel, of the Department of 
Pathology, Cincinnati General Hospital. 


conjunctiva, lacrimal gland or sac. Knapp* 
suggested that a primary carcinoma of the 
orbit might originate from rest cells which 
had become isolated during the embryonic 
development of the lacrimal gland. 

Two main types of carcinoma of the 
pancreas have been observed :* the cylin- 
drical-cell adenocarcinoma, arising from 
the ducts, and carcinoma simplex, arising 
from the parenchyma. These are usually 
scirrhous in type. From its site of origin 
in the pancreas, cancer is apt to extend by 
infiltrative growth into such neighboring 
structures as the duodenum, the stomach, 
the common bile duct, the mesentery, and 
the omentum. Metastatic extension is 
often delayed or absent even at the time 
of autopsy. Stout® reported 33 cases of 
primary carcinoma of the pancreas, 
among 1,862 patients who had died as the 
result of all kinds of disease brought to 
autopsy at Presbyterian Hospital, New 
York, over a 10-year period. In 55 percent 
of these cases there were no metastases. In 
33 percent metastases were limited to the 
regional nodes and to the liver, and in 
only 12 percent were there distant gener- 
alized metastases. Since we are dealing 
with an internal carcinoma it is very diffi- 


\ 
1215 

us- 
pto- 

ber 

ide 

ay 

the 

in- 

ion 

in- 
this 
us- 
on, 
10r 
ed- 
ide 
ns. 


1216 


cult to estimate its actual incidence, be- 
cause many patients die whose condition 
is undiagnosed. There have been reports 
of metastases from the pancreas to the 
cerebrum and cerebellum, to the bone 
marrow and the liver, to the mediastinal 
lymph nodes, and to the lungs and spleen.® 

Adenocarcinoma is a well-differentiated 
neoplasm of epiblastic origin that shows 
by its histologic characteristics that it 
originated within glandular tissue from 
certain secretory cells, and that it main- 
tains its characteristics through various 
grades and degrees of malignancy or rates 
of growth. It occurs in practically all parts 
of the body where glandular tissue is 
found, and as it spreads by direct exten- 
sion through contiguous tissue, as well as 
by metastasis, it is considered to be one 
of the most lethal types of malignant con- 
ditions.? Only a few cases of proved 
adenocarcinoma of the orbit of all types 
have been reported, and the majority have 
involved the lacrimal gland. Metastatic 
adenocarcinoma is seen less frequently 
than are tumors of other types. 

Benedict’ reported 27 cases. of proved 
adenocarcinoma of the orbit encountered 
in 20 years at the Mayo Clinic. The tumor 
in 22 of these was primary in the orbit, 
and in the remaining 5 cases it reached 
the orbit by direct invasion. In the same 
period 12 cases of metastatic adenocar- 
cinoma in the orbit or eyeball were found. 
In two the tumor was metastatic from the 
breast to the retro-orbital region, and in 
10 it was intraocular. 

The majority of authors who have 
studied cases of metastatic adenocarci- 
noma of the orbit conclude that the para- 
lytic ocular symptoms are nearly always 
of muscular origin, due to neoplastic 
muscular invasion. The histologic re- 
searches by Horner (1864), Elschnig 
(1898), Wintersteiner (1899), Axenfeld 
(1907), and Magnus (1929) have estab- 
lished the fact that the ocular musculature 
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constitutes the site of election for me, 
static carcinomatous deposits in the orbit 
Sattler stated that this is a general Tule 
and that direct orbital localization is ey. 
ceptionally rare.® 

From these researches another conely. 
sion reached was that the invasion of the 
orbit takes place through the vascular cir. 
culation. Von Haselberg® remarked tha 
metastatic carcinoma may be bilateral, |; 
one eye is involved, it is more frequently 
the left, which is along the most direct 
route of the blood channels, the left com. 
mon carotid artery branching off directly 
from the arch of the aorta. Suker added 
that metastases to the orbit are a clinical 
rarity because the ophthalmic artery leaves 
the internal carotid at a right angle, allow. 
ing the carcinomatous cells or emboli in 
the vessel readily to pass the rather nar- 
row ostium of the ophthalmic artery jn 
order to reach the brain and meninges, 


CASE REPORTS 


Case 1. J. H., a white man, aged 50 
years, first entered the Cincinnati General 
Hospital because of double vision of one 
week’s duration. He also complained of 
a numbness of the left buttock, scrotum, 
and penis, and a loss of weight and ap- 
petite. 

At this time examination of the eyes 
revealed that uncorrected vision in the 
right eye was 20/40, and in the left eye, 
20/50. The left eye was deviated outward 
about eight degrees and could be rotated 
medially only to the mid-line. There was 
no movement of the eye in elevation or 
depression. The corneal sensitivity to cot- 
ton was decreased on the left side. The 
pupils were round, equal, 5 mm. in dia- 
meter, and reacted to light, accommoda- 
tion, and consensually. There was 5 mm. 
of proptosis of the left eye, and the eye- 
ball was not replaceable into the orbit. 

One week later there was a ptosis added 
to the ocular-muscle paresis, and the only 
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movement in the left eye was a limited 
rotation in the field of the external rectus 
muscle. Light reaction in the left eye had 
become sluggish. The left lid was moder- 
ately edematous. The fundus was es- 
sentially normal. The peripheral field of 
yision was within normal limits. A roent- 
genogram of the skull and orbit was es- 
sentially normal. 

The following week the pupil of the left 
eye was widely dilated and fixed. Vision 
was equal only to finger counting with the 
left eye. The conjunctiva was chemotic, 
and there was marked edema of the left 
upper lid. There was papilledema of the 
left disc in the amount of two diopters. 

The rest of the physical examination 
disclosed only a few important observa- 
tions. A definite epigastric mass, fairly 
smooth, which moved with respiration 
and was slightly tender on palpation, 
extended below the umbilicus and was 
thought to be an enlarged left lobe of the 
liver. The muscular power to evert the 
right leg was decreased in all movements 
and the power of eversion of the right 
foot was absent. At a neurologic confer- 
ence it was believed that the patient had 
a metastatic lesion in the brain stem on 
the left side, to explain the involvement 
of the third and fourth cranial nerves on 
the left and the pyramidal-tract signs in 
the right foot. 

A galactose tolerance test gave normal 
results. The blood Wassermann examina- 
tion was negative for syphilis; the spinal 
puncture revealed an increased intra- 
cranial pressure, and a spinal-fluid pro- 
tein of 135 mg. per 100 c.c. 

About five weeks later, while in the 
Hospital, the patient suddenly passed 
about 500 c.c. of bright-red blood per rec- 
tum and died. Permission for a complete 
autopsy was granted. 


Necropsy report. At necropsy the diagnoses 
were: Adenocarcinoma of the body of the pan- 
creas, with metastases to the gastro-enteric 


tract, coeliac and mediastinal lymph nodes, 
lungs, liver, pituitary, suprarenals, and orbit. 

The body, 172 cm. in length, was that of a 
well-developed white man with slight pitting 
edema of the ankles. The lids of the left eye 
were edematous, and there was marked prop- 
tosis. The left posterior orbital fossa was in- 
filtrated by firm white neoplastic tissue. The 
posterior attachments of the ocular muscles 
and the optic nerve were surrounded by the 
infiltrating tumor. The thin orbital plate was 
invaded by the tumor. The brain was remark- 
able only because of a slight edema. 

The peritoneal cavity contained 1,300 c.c. of 
bloody fluid. The pancreas presented its usual 


Fig. 1 (Sniderman). Case 1. Carcinoma sim- 
plex of the pancreas. 


ivory-white lobulations in the head and tail. 
A large white mass replaced the normal archi- 
tecture of the body of the pancreas and in- 
filtrated the retroperitoneal connective tissue as 
well as two large retroperitoneal lymph nodes. 
An oval-shaped mass, 3 cm. in diameter, in- 
filtrated the mid-portion of the jejunum along 
its mesenteric border. The lumen contained 
bloody feces. 

The large nodular liver weighed 2,925 grams. 
The brownish-red liver substance was exten- 
sively replaced by spherical masses of pinkish- 
white tumor tissue which were rather evenly 
distributed throughout all lobes of the liver. 
The bile passages were patent, and the thin- 
walled gall bladder contained 15 c.c. of golden- 
yellow bile. The remainder of the abdominal 
organs were not remarkable. 

Each pleural cavity contained approximately 
600 c.c. of clear straw-colored fluid. The mod- 
erately heavy lungs presented patchy areas of 
consolidation in their bases and posterior por- 
tions. The lymph nodes of the hila were dif- 
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fusely black. The averaged-sized heart pre- 
sented a flabby musculature. 


Microscopic examination. The normal archi- 
tecture of the body was replaced by hyper- 
chromatic anaplastic cells which formed acini 
or lined tissue spaces. A moderate number of 
mitotic figures were found. Most of the cells 
occurred in disordered clumps outlined by thin 
stroma. Hemorrhage and tumor necrosis were 
frequent (fig. 1*). In the widespread metas- 
tases these characteristics of carcinoma sim- 


Case 1. Metastatic 


Fig. 2 (Sniderman). 
adenocarcinoma of the orbit with invasion of 
muscle in lower part of the section. 


plex were preserved. The orbital metastases 
had infiltrated the ocular muscles, optic nerve, 
and orbital bone (fig. 2). 

It is of interest to note in this case that 
in spite of the presence of widespread 
metastases, the patient was able to carry 
on until the onset of diplopia. The in- 
volvement of the left orbit and the tumor 
infiltration of the ocular musculature cor- 
respond with observations in other cases 
as to the site of election for orbital metas- 
tatic tumors. 

Case 2. L. L., a white man, aged 58 
years, was first seen in the eye clinic at 
Cincinnati General Hospital in July, 1939. 
His complaint was pain in the left eye and 
diplopia of three weeks’ duration. His 
vision uncorrected in the right eye was 
20/25, and in the left eye 20/65. The pu- 
pils were round, equal, reacted actively to 


* The photomicrographs were taken by Mr. 
J. B. Homan, Assistant Professor of Medical 
Art, Cincinnati Medical College. 
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light, accommodation, and consensually 
Corneal sensation was normal. The fy, 
dus of the right eye was essentially nor. 
mal; that of the left eye showed a slight 
tortuosity of the veins as they entergj 
the disc. There was a paresis of the lef 
inferior rectus and the left internal reetys 
muscles. 

In view of a strongly positive blood 
Wassermann reaction the patient was te. 
ferred to the venereal clinic for treatment 

One month later there was a paresis of 
the internal rectus, external rectus, Supe. 
rior rectus, and the inferior rectus my- 
cles in the left eye. An X-ray study of 
the orbits and optic foramina showed 
them to be normal. 

In October, 1939, the pain in the lef 
orbit was very severe and radiated from 
the left parietal region to the left orbit 
Vision in the right eye was 20/25 and in 
the left eye 20/70, uncorrected. Corneal 
sensation was normal. The right pupil was 
4 mm. in diameter and reacted actively to 
light; the left pupil, 5 mm. in diameter, 
reacted sluggishly to light. Fundus ex- 
amination of the left eye revealed a small 
hemorrhage at the lower border of the 
disc and a blurring of the superior and 
inferior nasal disc margins. 

The patient was admitted to the Hos- 
pital at this time manifesting involvement 
of the second, third, fourth, fifth, and 
sixth cranial nerves on the left side. There 
was a complete ophthalmoplegia of the 
left eye. The only muscle not involved on 
the left side was the levator palpebrae 
superioris. Repeat X-ray films of the or- 
bits, optic foramina, and skull showed no 
pathologic changes. A field of vision for 
form and color showed no marked field 
defects in either eye. A neurologic cor- 
sultation favored a diagnosis of an intra- 

cranial aneurysm of the internal carotid 
artery pressing on the cavernous sinus 
on the left side. The spinal-fluid pressure 
was normal, the Wassermann reaction 
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negative, and the protein 38 mg. per 100 
cc. There was no pulsation of the eye- 
ball, and no bruit could be heard over the 
left orbit. The failure of the condition 
to improve while the patient was under 
adequate antisyphilitic therapy removed 
the possibility that orbital gumma was 
the cause. 

In November, 1939, a fundus exami- 
nation of the left eye revealed a small 
flame-shaped hemorrhage superior to the 
disc. The disc margins were more blurred. 
The veins were markedly dilated, and 
there was a complete occlusion of the 
inferior temporal vein. The patient was 
transferred to the neuro-surgical service, 
where daily digital occlusion of the left 
internal carotid artery was performed. 
Compressions at intervals of 30 seconds 
to 2%4 minutes caused dizziness and had 
to be discontinued. A reéxamination of 
the spinal fluid revealed a paretic gold 
curve, negative Wassermann reaction, and 
an increase in the protein to 95 gm. per 
100 c.c. The pressure was normal. 

Vision in the left eye rapidly decreased 
to total blindness in December, 1939. 
With the exception of the left superior 
levator palpebrae muscle, all the muscles 
of the left eye remained paretic. The up- 
per lid was edematous and the conjunc- 
tiva chemotic. There was a proptosis of 
3 mm. which could not be reduced by 
pressure over the eyeball. The pupil of 
the left eye was 6 mm. in diameter, ir- 
regular, and fixed; that of the right eye 
was 4 mm. in diameter, and it reacted to 
light and accommodation, but not con- 
sensually. Examination of the fundus of 
the left eye revealed about 3 diopters of 
papilledema and evidence of venous oc- 
clusion with hemorrhages and_trans- 
udate throughout. 

Except for these observations the phys- 
ical examination was essentially negative 
for pathologic changes. The patient would 
not give permission for exploration of 


the left orbit and at his request was dis- 
charged from the Hospital. 

Four months later the patient was re- 
admitted to the Hospital. The orbital 
proptosis was more marked and the pain 
more severe. The patient was now deeply 
jaundiced, and a large nodular liver was 
palpable as low as the umbilicus. It was 
hard and not tender to pressure. In the 
left orbit a mass was now palpable in the 
region of the internal rectus muscle. The 
patient consented to removal of a piece 
of the orbital mass. At operation the in- 
ternal rectus muscle was freed, and a 
spatula passed between the eyeball and the 
tumor mass, which seemed completely to 
infiltrate the muscles and orbital fat. A 
small piece cf the tumor was removed 
for examination. 


Biopsy report. Microscopic section examined 
by Dr. Ralph Johansmann revealed a mass of 
adipose tissue destructively infiltrated by groups 
of relatively large epithelial cells grouped in 
small masses and strands with acinar forma- 
tion. The nuclei were large, some were pale, 
while others were hyperchromatic. Numerous 
mitotic figures were present. The cells forming 
the glands varied from cuboidal to columnar, 
and some of these glandular structures were 
large and branching. There were large areas 
of tumor necrosis. The stroma consisted of a 
moderately cellular connective tissue which in 
a few areas showed mucinous changes (fig. 3). 

Diagnosis: Metastatic adenocarcinoma with 
mucinous changes, primary site undetermined. 


The patient became more emaciated and 
cachectic and died in May, 1940, Permis- 
sion for autopsy was granted without 
permission for a head examination. 


Necropsy report. At necropsy the diagnoses 
were: Adenocarcinoma of the body of the pan- 
creas with metastases to the coeliac lymph 
nodes, liver, kidneys, pericardium, and sub- 
cutaneous tissues; obstruction of the hepatic 
duct by a metastasis in the liver, with marked 
obstructive jaundice; acute cholecystitis; con- 
fluent lobular pneumonia of the lower lobe of 
the right lung with fibrinous pleuritis ; fibrinous 
pericarditis ; moderate generalized atherosclero- 
sis; marked cachexia. 

The body, 164 cm. in length, was that of an 
elderly white man, deeply jaundiced. The ex- 
ternal surface was marked by numerous freely 
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Fig. 3 (Sniderman). Case 2. Metastatic adeno- 
carcinoma of the orbit. 


movable subcutaneous nodules over the chest, 
back, abdomen, and face. These nodules varied 
in size from 4 to 12 mm. in diameter and on 
section consisted of firm white tissue. There 
was a marked proptosis of the left eye, and a 
firm mass could be palpated through the lower 
eyelid. Permission to expose the orbit and 
cranium was not granted. 

The peritoneal cavity contained 150 c.c. of 
bloody fluid with a specific gravity of 1.015. 
The upper part of the abdomen presented a 
mass in the body of the pancreas which meas- 
ured 6 cm. in lateral diameter and 11 cm. from 
its inferior margin to the liver. The mass con- 
sisted of firm white neoplastic tissue through 
which course tough white connective tissue 
bands, outlining the white tumor masses and 
soft gray areas of tumor necrosis. The tumor 
infiltrated the pancreatic body, the lesser omen- 
tum, coeliac lymph nodes, and diaphragm. Small 
tumor nodules studded the gastro-splenic liga- 
ment and adhered to the spleen. 


Fig. 4 (Sniderman). Case 2. Adenocarcinoma 
of the pancreas. 


The nodular liver extended 10 cm. belo 
the costal margin in the right mid-clavieuln, 
line and weighed 2,250 grams. The enlargemen 
was due to firm, white tumor nodules, | to 6 
cm. in diameter, replacing a large Proportion of 
liver substance. A large spherical tumor mass 
5 cm. in diameter, was located at the hilum 
of the liver, completely obstructing the hepatic 
duct at its origin. The cystic and common bile 


Fig. 5 (Sniderman). Case 2. A, low-power 
photomicrograph: section of skin and metas- 
tatic tumor showing nodule in subcutaneous 
tissue. B, same section under greater magnifica- 
tion. 


ducts were patent. The slightly thickened gall 
bladder contained 10 c.c. of viscid, greenish- 
white pus. The inflamed mucosa was bright 
pink and had lost the usual.wvelvety appearance. 

The gastro-enteric tract was remarkable only 
for the congestion of the mucosa of the je- 
junum and the clay-colored feces in the colon. 
The swollen kidneys were slightly congested, 
and the red-streaked pyramids were infiltrated 
by an occasional firm white neoplastic nodule. 
The suprarenals and testicles were not remark- 
able. 

The greatest diameter of the pericardial sac 
was 14 cm. The pericardial sac contained 30 
c.c. of greenish-yellow fluid and the lining was 
covered by a thin layer of fibrin. Small tumor 
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nodules studded the diaphragmatic pericardiai 
lining. The heart, which weighed 300 grams, 
was remarkable only for the pericardium cov- 
fibrin. 

<< moderately heavy lungs weighed 795 
grams on the right and 400 grams on the left. 
The inferior surface of the right lower lobe, 
which was adjacent to the infiltrated diaphragm, 
was covered by a thin layer of fibrin. This lobe 
on section presented patchy areas of consoli- 
dation. The remaining lung substance was gen- 
erally congested with occasional areas of peri- 
bronchial consolidation. 


Microscopic examination. The body of the 
pancreas revealed a destructive infiltration by 
relatively large anaplastic cells growing in small 
masses forming glandular structures. Hyper- 
chromatic nuclei and mitotic figures were 
abundant. The cells varied from cuboidal to 
high columnar, and in occasional areas the 
cytoplasm was vacuolated and mucous droplets 
were seen. Groups of alveoli were segregated 
by dense bands of collagenous tissue, imparting 
a scirrhous appearance. There were numerous 
areas of tumor necrosis and hemorrhage (fig. 
4). The metastases seen in the liver, kidneys, 
lungs, coeliac lymph nodes, pericardium, and 
subcutaneous tissue preserved the characteris- 
tics of the primary tumor (fig. 5). 


This case is of extreme interest in view 
of the progress and possibilities in diag- 
nosis presented throughout its course. 
The ocular-muscle paresis was first inter- 
preted as due to syphilis, but the patient 
failed to respond to adequate antisyphi- 


litic therapy. Later a diagnosis was made 
of aneurysm of the internal carotid artery 
on the left side with pressure on the 
cavernous sinus. The patient fortunately 
could not stand occlusion of the carotid 
artery and ligation was not performed. 
Retro-orbital tumor was _ considered 
throughout the course but could not be 
confirmed by X-ray or other examina- 
tions. When the diagnosis of retro-orbital 
tumor was definite the patient refused to 
allow exploration of the orbit. On re- 
admission to the Hospital the large ab- 
dominal mass was present and metastatic 
tumor to the orbit was definite. The 
metastases to the skin were also an un- 
usual observation. As in the first case the 
left orbit was the site of metastatic in- 
volvement. 
SUMMARY 


A brief review of carcinoma of the 
orbit is given. Two cases of primary car- 
cinoma of the pancreas with previously 
unreported metastasis to the orbit are 
presented with necropsy reports in full. 
The orbit involved in each case was the 
left and in one case the invasion of the 
ocular muscles is demonstrated. 

220 Bloor Street West. 
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ANGIOID STREAKING OF THE RETINA 


ASSOCIATED WITH PSEUDOXANTHOMA ELASTICUM IN SIBLINGS* 


Louis LEHRFELD, M.D., AND SoLomon S. Brav, M.D. 
Philadelphia 


The literature on the subject of angioid 
streaking of the retina has been exten- 
sively and well covered in a recent paper 
by Scholz.t There is consequently no 
cause to repeat such data at this time. 
However, the number of cases which he 
could collect totaled only 188, including 
the 6 which he reported for the first time. 
In view of the comparative rarity of this 
entity, we feel justified in reporting two 
more cases. 

Scholz pointed out the fact that of all 
the cases gathered only 59 percent were 
associated with pseudoxanthoma elasti- 
cum, a rare dermatologic lesion, which, 
however, is not so uncommon as angioid 
streaking. It is now fairly definitely estab- 
lished that both phenomena are but dif- 
ferent manifestations of the same primary 
pathology. 

Osteitis deformans of Paget has been 
reported to be associated with angioid 
streaking but never concurrently with 
pseudoxanthoma elasticum. 

Only 17 cases of the familial occur- 
rence of this syndrome have been re- 
ported, in four of which there was a con- 
sanguineous history. 

The two cases here reported were ob- 
served in two sisters; by inference we 
assume a third sister to be afflicted with 
the same disease; the family, however, 
shows no consanguineous taint and other 
brothers and sisters show no signs of the 
disease. 


*From Wills Hospital. Presented at the 
Clinical Conference, Wills Hospital, January 8, 
1942, 

+ Scholz, Ray. Angioid streaks. Arch. of 
Ophth., 1941, v. 26, no. 4, p. 677. 


Case 1. O. C. R., a white woman, aged 
43 years, came to Wills Eye Hospital wit, 
a history of failing vision for the past 
8 to 10 years, worse during the past 3 
years. Her right eye ached and she was 
subject to occasional headaches. Her last 
prescription for glasses had been given 
her six months ago. 

External examination showed no patho- 
logic changes except that both eyes devi- 
ated out under cover, and the left eye 
deviated out on attempted convergence, 
The sclera seemed somewhat bluish. 

Ophthalmoscopy revealed clear medias 
and normal discs. In the right eye there 
were numerous brown streaks irregularly 
curved in a tortuous manner throughout 
the nasal half of the fundus. The left eye 
showed similar lesions, but much more 
pronounced, and these were the clue to 
the patient’s condition. But for the marked 
streaking in this left eye, the condition 
could easily have been overlooked, as the 
changes in the right eye were quite light 
in color. In the macular area of the left 
eye there was a slate-colored degenerative 
process which filled the entire region and 
overlapped into the perimacular area. 

The vision at this time was O.D., 6/6, 
correctible to 6/9—2; O.S., 6/60, cor- 
rectible to 6/60. 

Further search into the patient’s his- 
tory revealed the fact that she had been 
to Wilmer Institute in 1929 and the fol- 
lowing in essence is the information made 
available to us through the courtesy of 
Dr. Jack Guyton of that institute. 

Ophthalmoscopic examination showed an 
atrophic choroiditis noted temporal to each 


disc; otherwise the eyes appeared normal. Vi- 
sion in both eyes was corrected to 6/5 with 
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moderate minus cylinders. Thorough examina- 
tion including many studies ended in the un- 
satisfactory diagnosis of gastrointestinal 
psycho-neurosis. Her somewhat infected sinuses 
were operated upon with no postoperative com- 
plications. Upon her last visit to Wilmer Insti- 
tute in June, 1939, typical streaking was noted 
in both fundi. The patient at that time ex- 
hibited the skin changes typical of pseudoxan- 
thoma elasticum. 

Roentgen-ray studies undertaken at 
Wills Hospital during her stay showed 
no evidence of chest lesions. Numerous 
other studies were likewise negative. The 
dermatologic department reported that the 
skin lesions were typical of pseudoxan- 
thoma elasticum. These lesions were 
found in the axillas, pubic areas, ante- 
cubital fossas, and especially over the 
neck, The Mantoux test showed a plus 
one reaction. 

At refraction the following prescription 
was accepted: O.D., —.50D. sph. ‘== 
—.50D. cyl. ax. 15° = 6/6—1; OS., 
—.75D. sph. <= —2.25D. cyl. ax. 175° 
= 6/30+. Add +1.50D. sph. for near 
work, 

These lenses have been satisfactory, 
and the patient as yet is not too handi- 
capped to maintain her status as a school 
teacher because of the lack of involve- 
ment in the right eye. 


Case 2. P. C., a white woman, aged 51 
years, came to Wills Eye Hospital at the 
same time as her married sister (whose 
case has just been described), with a 
history of having been almost blind for the 
past three months. Her vision first began 
to fail about 23 years previously. 

External examination showed small 
equal pupils that reacted well to light and 
accommodation. There was no evidence 
of pathologic change in the anterior seg- 
ment. 

Ophthalmoscopy showed rather pallid 
discs with somewhat fuzzy edges. On the 
maculas were dark slate-colored pigment 
deposits, and another such deposit was 


situated about one-half disc diameter be- 
neath the macula of the right eye. These 
lesions were precisely similar to those seen 
in the left eye of the patient’s sister. 
There had been no recent hemorrhages 
nor exudates. The lesion in the left eye 
was more extensive, and a proliferating 
retinitis extended from a temporal portion 
of the lesion. On the nasal side of both 
discs there were a few light-brown 
streaks. These might have been over- 
looked had it not been for the charac- 
teristic lesion in the sister’s left eye. 

Vision at that time was O.D., 6/60, 
correctible to 6/30; O.S., 3/60, with cor- 
rection, 3/60. 

The following addition to our informa- 
tion was again furnished through the 
kind cooperation of Dr. Jack Guyton of 
Wilmer Institute. 

Patient was first seen at Wilmer Institute in 
May, 1924, at which time she showed a chorio- 
retinal atrophy in the left eye extending from 
the disc to and including the macula. Vision in 
the right eye was 20/20 and in left eye 20/80. 

Seen again in August, 1937, vision in the left 
eye was now 1/200 but still 20/15—2 in the 
right eye. Angioid streaking was seen in both 
eyes at this time. Pseudoxanthoma elasticum 
was noted at this visit. 

Patient was last seen in July, 1939, at which 
time similar findings were noted. A complete 
check-up revealed mild hypertrophic arthritic 
changes, but otherwise all studies were normal. 
Her infected antra were operated upon with 
no postoperative complications. 


All examinations performed at Wills 
Eye Hospital during the patient’s stay 
were likewise negative for pathologic 
changes. Arthritic involvement was con- 
fined mostly to the left knee but was found 
not to be of the nature of Paget’s dis- 
ease. The dermatologic clinic again re- 
ported typical pseudoxanthoma elasticum 
in locations similar to those in the pa- 
tient’s sister. 

At refraction, the following correction 
was found: O.D., +0.75D. sph. <= 
+0.50D. cyl. ax. 90° = 6/21; O.S., 
+1.00D. sph. <= +0.50D. cyl. ax. 90° 


aged 
with 
Past 
ast 3 
Was 
last 
riven 
itho- 
levi- 
eye 
nce, 
dias 
nere 
arly 
out 
eye 
ore 
> to 
ked 
ion 
the 
ght 
eft 
ive 
nd 
/6, 
is- 
en 
q 
de 
of 
an 
ch 
th 


1224 ORWYN H. ELLIS 


= 3/60. Add +2.25D. sph. for near. 

No prescription was given because 
there was no improvement over vision 
with the patient’s present glasses. How- 
ever, when a pair of +6.00D. sph. lenses 
were prescribed the patient was able to 
read Jaeger 4 with a fair degree of com- 
fort. 


Of the remaining four sisters and two 
brothers in this family, one sister resides 
in another state, whom we were unable to 
examine, but from whose ophthalmologist 
we obtained the following personal com- 
munication: “When last seen vision of 


the right eye was 20/200; of the lef 
eye 20/100. Bilateral chorioretinitis pres. 
ent.” There was no mention in his com- 
munication of any angioid Streaking, no; 
of any skin disease. It is known that this 
woman is sorely afflicted with arthritis, 


SUMMARY 
Two cases of angioid Streaking of the 
retina associated with pseudoxanthony 


elasticum are reported, occurring in sjs- 
ters. 


1321 Spruce Street. 
5125 North Broad Street. 


NODULAR KERATITIS 


Orwyn H. Et tis, M.D. 
Los Angeles 


Parsons’ described nodular keratitis as 
follows: 

“Raised gray spots scattered over the 
cornea, smaller in the periphery and 
larger at the center, where they run to- 
gether to form irregular opaque patches. 
The disease develops very slowly, requir- 
ing many years for completion, and some- 


Fig. 1 (Ellis). Genealogy of nodular keratitis 
in this report: 1, patient; 2, son, totally deaf 
congenitally ; 3, third generation examined. 


times occurs in several members of the 
same family.” 


The family history in the case to be 
described revealed that the mother, two 
aunts, two sisters, a niece, and the pa- 
tient all suffered from the condition. Re- 
garding the paternal great-grandfather, 
the only history obtainable is that he had 
poor vision all his life. It is logical to 
assume that he likewise suffered from 
this affliction. The onset in all observed 
cases was about the time of the beginning 
of the menses (in the twelfth or thirteenth 
year of life). The first ocular symptoms 
were irritation, pain, and discomfort, fol- 
lowed by a slowly progressive loss of 
vision. I was fortunate in being able to 
examine the daughter of the patient’s 
sister, aged 12 years. The complaints were 
occasional pain and burning for the past 
two months, in the left eye only. Slitlamp 
and corneal-microscope examination 


showed two tiny gray areas located just 
nasally and below the pupil of the left 
eye. No other significant observations 
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were made in either eye. One character- 
‘stic symptom of the adults of this family 
was that the pain was extreme, bilateral, 
not at all controlled by aspirin, and re- 
curred periodically. These attacks were 
usually associated with the onset of each 
menstrual period. One sister never had 
the pain more than 24 hours, but in the 
patient a severe attack often lasted 7 to 
10 days. It was somewhat lessened by 
atropine and adrenalin drops in the eyes. 
Of late the patient had had severe attacks 
four to five times yearly, lasting about 
three weeks. There were no attacks of 
pain for six months during each of the 
patient’s two pregnancies. Her first son 
was, congenitally, totally deaf; the other 
is normal. 

In the examination of the patient, the 
vision in the right eye was found to be 
20/50 and in the left eye 20/200. The 
center of the cornea had a mottled-gray 
appearance, but the periphery was clear. 
The gray area was 4 to 5 mm. in diameter. 
Under the slitlamp and corneal micro- 
scope the small individual areas were seen 
to be very irregular, had mostly rounded 
edges, and looked like scar tissue. They 
appeared to be a coalescence of tiny, 
round spots. This condition was super- 
ficial, and confined to the corneal epi- 
thelium and Bowman’s membrane. Lying 
just below, not deeper than the upper 
one fourth of the cornea propria, were 
stellatelike, grayish figures having the 
appearance of salt deposits. No other 
significant ocular changes were observed. 
All the adults examined had an almost 
identical appearance. The mother of the 
patient had bilateral mature cataracts. 

On July 24, 1941, the author performed 
a corneal resection on the left eye of the 
patient. The central opaque area was com- 
pletely removed and the dissection was 
carried to within 2 mm. of the corneo- 
scleral junction. Atropine and local anti- 
septics were used, and the cornea had 


entirely healed by the fifth postoperative 
day. X-ray treatments were given on the 
first, eighth, and fifteenth postoperative 
days. There was no subsequent corneal 
vascularization. 

The pathologic report of the micro- 
scopic findings was as follows: The speci- 
men consisted of the superficial layers of 
the cornea. Except for the area adjacent 
to Bowman’s membrane, the stroma was 
normal. Immediately under Bowman’s 
membrane there were a number of scat- 
tered areas in which there was a deposit 
of a homogeneous, eosinophilic substance. 
In some areas this substance seemed to 
have broken through Bowman’s mem- 
brane to lie immediately under the epi- 
thelium. In those areas the epithelium was 
thin and atrophic, but in the areas in 
which Bowman’s membrane was normal 
the epithelium was not unusual in appear- 
ance. In a few of those areas there was a 
very small amount of newly formed con- 
nective tissue. The substance present in 
the nodules was probably hyalin. Diag- 
nosis: Nodular dystrophy of the cornea. 

Reports? have been published of suc- 
cessful corneal resections in this condi- 
tion. When the surgery was completed in 
this case, the cornea was entirely clear; 
however, the scar returned and the 
vision remained as before the operation, 
20/200. 

It is now my belief, and this is also 
shared by others, that since the corneal 
resection neither corrects nor removes the 
etiologic factor the condition will not be 
benefited by surgery. 

Chevallereau,? in 1891, first described 
the condition known as nodular keratitis. 
Microscopically he found deposits of 
crystals of sodium urate. In 1898 Groe- 
nouw‘* observed that deposits stained 
deeply with eosin and pronounced them 
hyaline. E. Fuchs® four years later made 
an exhaustive examination of specimens 
of cornea removed from one of his pa- 
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tients. He noted a marked corneal edema, 
absence of Bowman’s membrane, and 
raised areas over amorphous masses. He 
concluded that the condition was a mucoid 
degeneration. Roy,® Folker,’ Weeks,* and 
others® have reported cases showing a 
familial hereditary transmission, the 
mode of inheritance being dominant. This 
family shows a_ female-sex-linked in- 
heritance for the last three generatiuns. 
In the five generations that have been 
presented, the condition had a remarkable 
predilection for the female. It may be 
noted that the condition began about the 
onset of the menses with attacks of pain 
coinciding with the ‘menstrual periods, 
and a decrease in symptoms with the 


H. ELLIS 


menopause. The patient also had a cesgq. 
tion of pain during her two pregnancies 
These point directly to an endocrine jp. 
balance possibly a deficiency of some hor. 
mone present in large quantities during 
pregnancy, and present, at that time, in 
large enough quantity to supply the 
normal demands of the patient and cop. 
trol the condition. The niece of the pa- 
tient was advised to have a thorough 
endocrine examination. It will be interest. 
ing to observe whether or not glandular 
therapy, under competent guidance, will 
affect the tragic course of this condition, 
as it can be studied from its incipient 
stage. 
727 West Seventh Street. 
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NOTES, CASES, INSTRUMENTS 


RHINOSPORIDIOSIS OF THE 
CONJUNCTIVA* 


CASE REPORT 


ARNOLD, M.D., AND 
James WHILDIN, M.D. 


Durham, North Carolina 


The first report of Rhinosporidium 
seeberi infection of the conjunctiva oc- 
curring in North America was reported 
by Anderson and Byrnes? in 1939, Previ- 
ously infections of the nose by this organ- 
ism had been reported from Tennessee by 
Wright.2, Since Anderson and Byrnes 
made their report three other cases of 
rhinosporidiosis involving the eye have 
appeared in the literature—those of Grif- 
fey,> Elles,* and Barnshaw and Read.° 
Inasmuch as the disease is so rare, the 
mode of infection unknown, and the geo- 
graphic distribution a matter of interest, 
we feel warranted in presenting another 
case, which, incidentally, is the second 
case observed in this immediate vicinity. 
For those interested in a thorough study 
of the disease, reference is made to the 
exhaustive report by Elles.* 

The case reported here was in a white 
boy, aged eight years, who has lived in 
Durham, North Carolina, all his life, and 
whose father is employed at Duke Hos- 
pital He was brought to the hospital by 
his father, who did not know how long 
the growth had been present, but believed 
it to be less than three months. No other 
members of his family, consisting of fa- 
ther, mother, and two siblings, showed 
any evidence of the disease. Examination 
of their eyes, lacrimal apparatus, nose, 
and paranasal sinuses showed them to be 
free of any infection. This boy had had 
no contact with cattle, horses, or contam- 


*From the Department of Ophthalmology, 
Duke University Hospital. 


inated water from which he might have 
contracted the infection ; he had not been 
in contact with any other individuals who 
had a like infection—that is, to the 
knowledge of the boy and his parents. 


Fig. 1 (Arnold and Whildin). Appearance of 
growth caused by Rhinosporidium seeberi. 


Examination revealed a pedunculated, 
lobulated, reddish growth measuring 6 
mm. by 3 mm. by 3 mm. The attachment 
was in the lateral lower cul-de-sac of the 
right eye (fig. 1). The growth was pain- 
less. The preauricular gland was not pal- 
pable; the surrounding conjunctiva was 
not injected. Since one previous case had 
been seen here, the true nature of the 
lesion was suspected and precaution taken 
to remove the mass in its entirety. This 
was accomplished under local anesthesia. 
To date, February 4, 1942, there has been 
no recurrence. The growth was removed 
on April 16, 1940. The literature states 
that eradication of the growth is ex- 
tremely difficult; hence, we have waited 
nearly two years before reporting this 
case to make sure that there were no 
recurrences in the conjunctival cul-de-sac 
nor in any of the contiguous structures. 

Microscopic examination by the depart- 
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Fig. 2 (Arnold and Whildin), 
Section of polyp from the conjune. 
tiva of an_ eight-year-old boy 
showing a large sporangium filled 
with endospores and a collapsed 
empty capsule, 127. 


Fig. 3 (Arnold and Whildin). 
Section of a polyp from the con- 
junctiva, showing a ruptured cap- 
sule with a marked polymorpho- 
nuclear cell response around the 
endospores, 127. 
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ment of pathology revealed a_ typical 
structure of the polyp described as being 
produced by the Rhinosporidium seeberi. 
Dr. James Whildin’s description of the 
pathology was as follows: “Gross: The 
specimen was an oval piece of tissue 
measuring 6 by 3 by 3 mm. in size. It 
was light in color, with yellowish flecks 


Fig. 4 (Arnold and Whildin). 
Section of a polyp from the con- 
junctiva, showing an epithelioid 
cell and giant-cell reaction around 
some endospores. In the corner is 
a small cyst with one ovumlike 
endospore, 127. 


on the epithelial surface, rather firm in 
consistency, and one side was rough from 
the operative removal. Microscopic: The 
sections as a whole presented a chronic 
inflammatory reaction with scattered 
areas of acute inflammation. The chronic 
inflammatory reaction was composed of 
plasma cells, lymphocytes, mononuclear 
cells, and a few polymorphonuclear cells. 
The most striking feature consisted of 
the sporangia structures, some of which 
were filled with endospores. These cyst- 


like structures are found in the epithelial 
and subepithelial regions. The spores 
varied in size from 30 to 250 microns in 
diameter, and with hemotoxylin eosin 
stain presented a thick pink hyalinlike 
capsule, surrounding a foamy granular 
material, some of which contained an 
ovumlike structure with a basophilic nu- 


cleus. The larger organisms had a thicker 
capsule which stained blue with a bac- 
terial stain. Some of these larger sporan- 
gia contained many endospores, while 
others were empty (fig. 2). Around the 
large ruptured capsules were to be seen 
numerous polymorphonuclear cells, epi- 
thelial cells, and giant cells (figs. 3 and 4). 
Around the smaller spores the cellular 
reaction was minimal. The acute inflam- 
matory reaction was always situated 
around the groups of endospores, and 


2 
n), 
on- 
ap- 
ho- 
the 


1230 NOTES, CASES, INSTRUMENTS 


from this it would seem that the rupture 
of the mature organism induces the re- 
action. This lesion both from the mor- 
phology of the organisms and the cellular 
reaction was due to the Rhinosporidium 
seeberi. 

The rhinosporidium is a fungus (Phy- 
comycetes—sub order Chytridineae, pro- 
visionally placed near the Olpidiaceae). 
The invasion of the conjunctiva of this 
organism is characterized by development 
of a peculiar and distinctive polyp, vari- 
ously described as “a gelatinous cock’s 
comb” or a “discolored strawberry.” 
When examined under magnification one 
observes a pinkish fleshy growth covered 
by vascular glistening conjunctiva from 
underneath which yellowish-white flecks 


stand out in contrast against the red back- 
ground. The lesion is painless and slow 
of growth. The actual physical obstryc. 
tion to the closure of the lids is what 
brings the patient to the clinic. The mode 
of infection apparently is unknown, Al 
four cases thus far reported have been in 
male children. 


SUMMARY 


As this case of Rhinosporidium seeberj 
was suspected and photographs were 
taken before the lesion was removed, a 
report with photographs and microphoto- 
graphs is herewith presented, the second 
case of its kind from this vicinity of 
North Carolina. 
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A PRACTICAL METHOD OF MEAS- 
URING THE DEPTH OF THE 
ANTERIOR CHAMBER* 


H. Saut M.D. 
Vancouver, Washington 

Aside from its academic value, a prac- 
tical method of measuring the depth of 
the anterior chamber has great impor- 
tance in the study and understanding of 
ocular hypertension, particularly that 
form which gives rise to acute glaucoma.” 
Many methods for such measurement 
have been used. Saunte? used an ophthal- 
mokeratometer that was slightly modified 
from that of Tscherning.* Donders uti- 
lized a microscope, focusing first on the 
corneal vertex, then on the pupillary bor- 
der. Gradle and Sugar* did the same, us- 


* Under a grant from the Kellogg Founda- 
tion of Battle Creek, Michigan. 


ing the Zeiss corneal microscope (Czap- 
ski) with the Ulbrich drum attachment. 
These methods have the common disad- 
vantage that the two points being meas- 
ured are not seen simultaneously. Slight 
motion of the head and eyes consequently 
results in some inaccurate measurements. 
This disadvantage was avoided by the 
methods of Lindstedt,> Raeder,® and 
Friedenwald.? Lindstedt used the prin- 
ciple of measuring the interval of Sturm 
of an astigmatic beam focused simultane- 
ously on the cornea and the anterior lens 
capsule. Raeder used a system of totally 
reflecting prisms to focus each of the two 
surfaces in one half of the microscopic 
field simultaneously. Friedenwald used a 
photographic method, with a slitlamp 
beam placed perpendicular to the plane 
of the iris. Photographs were so taken 
as to give an image of the same size as 
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the object, with the camera focused on 
the beam at an angle of 45 degrees. Meas- 
urement of the apparent depth of the 
chamber, as seen from this angle, was 


Fig. 1 (Sugar). Schematic 
diagram of apparatus used for 
measuring the depth of the an- 
terior chamber. 


then made, and subsequently corrected for 
the angle of view. No correction was 
made for the refractive effect of the 
cornea. 

I have used Friedenwald’s method with 
satisfactory results. It, like the methods 
of Lindstedt and Raeder, requires special 
apparatus. In addition, it has the dis- 
advantage of photographic methods in 
that one must wait for the development 
of photographic film before the measure- 
ments can be obtained. 

The method which I am using at pres- 
ent is based on the same principle as the 
photographic one. It has the advantages 
of direct measurement and of requiring 
only a graticule in addition to equipment 
usually available to most ophthalmolo- 
gists. As when using the photographic 
method, a slitlamp beam is focused on the 
corneal apex, perpendicular to the plane 
of the iris (fig. 1). One side of a binocu- 
lar corneal microscope or a simple mo- 
nocular microscope, containing a grati- 
cule marked in tenths of millimeters in 


its eyepiece, is focused on the beam at 
an angle of 45 degrees. The apparent 
depth of the chamber is measured di- 
rectly to within 0.05 mm. (fig. 2). A cor- 
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rection factor for any discrepancy be- 
tween the magnification of the micro- 
scope and the graticule measurements is 
then applied. This value is multiplied by 
\/2 to correct for the angle of view (table 
1). No correction is made for the corneal 
refraction, for this does not usually affect 
the final result by more than 0.01 mm. 

I have found the McNair-Bettman slit- 
lamp® very satisfactory in measuring the 


graticule 


Fig. 2 (Sugar). Schematic diagram of mi- 
croscopic field to show superimposition of 
graticule on the section illuminated by the slit- 
lamp beam. 
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depth of the anterior chamber, since it 
can be locked at the proper angle (fig. 3) 
and since the microscope with the X10 
ocular and 48-mm. objective can be easily 


Fig. 3 (Sugar). The McNair-Bettman micro 
slitlamp used for measuring the depth of the 
anterior chamber. The procedure can be fol- 
lowed using any slitlamp apparatus. 


adjusted so that the graticule markings 
(from a X10 Bausch and Lomb graticule 
eyepiece) require no correction factor. 
The direct readings are translated into 
actual measurements (not considering 
the corneal refraction) by use of the 
table. When using the binocular slitlamp, 
only the axis of the side of the microscope 
containing the graticule is considered in 
measuring the 45-degree angle between 
slitlamp beam and microscope. 

The graticule may be inserted at the 
focal point of the eyepiece lens that is 
closest to the observer’s eye if the Mc- 
Nair-Bettman instrument is used; or, if 
the binocular instrument is used, a grati- 
cule-containing eyepiece may be substi- 
tuted for that in the microscope. 

The actual technique of measurement 
by the graticule method is simple. The 
patient is seated comfortably before the 
slitlamp apparatus. It is important that 
a firm head and chin rest be used. The 


patient is directed to gaze directly ahead 
into the distance along a line parallel to 
the floor. A slitlamp beam is directed per- 
pendicularly to the center of the corne, 
and focused carefully. The beam should 
be narrow, with just sufficient illumina. 
tion to make the graticule numbers visible. 
The microscope (monocular or one side 
of the binocular instrument) is moved so 
that its axis is 45 degrees to the axis oj 
the slitlamp beam. It is carefully focused 


TABLE 1 


CORRECTIONS FOR CHAMBER DEPTH AT ANGLE oF 
45 DEGREES (NOT CORRECTING FOR CORNEAL 


REFRACTION) 

Apparent True | Apparent True 

Depth Depth || Depth Depth 
(mm.) (mm.) (mm.) (mm.) 
0.30 0.42 1.60 2.233 
0.35 0.49 1.65 2.32 
0.40 0.56 1.70 2.40 
0.45 0.63 1.7 2.47 
0.50 0.71 1.80 2.54 
0.55 0.78 1.85 2.51 
0.60 0.85 1.90 2.68 
0.65 0.92 1.95 BP 
0.70 0.99 2.00 2.82 
0.75 1.06 2.05 2.89 
0.80 1.13 2.10 2.96 
0.85 1.20 2.15 3.03 
0.90 Lav 2.20 3.10 
0.95 1.34 2.25 3.47 
1.00 1.41 2.30 3.24 
1.05 1.48 ye 3.31 
1.10 1.55 2.40 3.38 
1.15 1.62 2.45 3.45 
1.20 1.69 2.50 3.33 
1.25 1.76 2.55 3.60 
1.30 1.83 2.60 3.67 
1.35 1.90 2.65 3.74 
1.40 1.97 2.70 3.81 
1.45 2.04 . 2.75 3.88 
1.50 S| 2.80 3.95 
1.55 2.18 


on the beam, and the apparent distance 
between the posterior corneal surface and 
the anterior lens surface is measured. 

In using the McNair-Bettman instru- 
ment a separate chin rest must be used 
in order to get the slitlamp beam perpen- 
dicular to the cornea, or a sidearm exten- 
sion of the chin-rest holder should be 
made to accomplish this. 

Barnes General Hospital. 
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A CASE REPORT OF OSTEOMA OF 
THE ORBITS RESULTING IN BI- 
LATERAL OPTIC ATROPHY* - 


J. Harrison, M.D. 
Philadelphia 


Osteoma may occur in many places in 
the body but most frequently selects the 
frontal rather than the maxillary or the 
ethmoid sinuses. A number of cases have 
been reported in which the growth oc- 
curred on the mastoid process.’ Most or- 
bital osteomas arise in the neighboring 
sinuses or in the upper inner wall of the 
orbit.? 

A true osteoma is a circumscribed bony 
growth of spontaneous or traumatic non- 
inflammatory origin. It is derived from 
cartilage and formed by osteoblasts. Frag- 
ments of cartilage connected with the 
ethmoid cells give rise to most of the 
osteomas of the frontal and maxillary 
sinuses.® 

The case presented is of interest be- 
cause there were none of the early mani- 
festations such as nausea, headache, or 
vertigo. The loss of vision was rapid, oc- 
casioned by the pressure of the growth 
on the optic nerves and resulting in a 
primary bilateral optic atrophy. 


CASE REPORT 


D. D., a colored girl, aged 15 years, 


*From the Wills Eye Hospital, service of 
the author. 


was admitted to the Wills Eye Hospital on 
November 6, 1940. She left the hospital, 
her parents having signed a release, on 
December 7, 1940. 

Six months previously the patient be- 
came aware that her vision in each eye 
was failing. One month following onset 
of symptoms she became blind. She had 
occasional pain in each eye during that 
time but did not consult a physician. Sub- 
sequent to the loss of vision the patient 
became nervous and developed an im- 
pediment of speech. 

The patient’s mother was told that her 
blood was “bad” but she does not re- 
member having had any treatment. Two 
of her children died in infancy and she 
had one miscarriage. The father gave no 
history of illness and no blood tests were 
made. 


PHYSICAL EXAMINATION 


The patient’s height was 60% inches; 
her weight, 126 pounds; temperature, 
98.2°F.; pulse, 88; respiration, 20; blood 
pressure, 110/78. 

Eye examination. No light perception 
nor projection was present in either eye. 
The pupils were 5 mm. in diameter, 
round, and did not react to light either 
directly or consensually. There was a 
coarse lateral nystagmus which became in- 
creased on extreme rotation outward. The 
ocular tension as recorded on the Schiotz 
tonometer was well within normal limits. 

The ophthalmoscopic findings were 
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Fig. 1 (Harrison), Lat- 
eral projection showing 
sphenoid bone. The Oste- 
omatous growth especially 
involves the anterior and gy. 
perior surfaces of the sphe- 
noid bone and the anterior 
clinoids. On the superior 
border there is also Possible 
evidence of osseous tissye 
Pituitary fossa is not defi. 
nitely encroached upon, and 
the bone forming the pos- 
terior portion of the sella 
turcica shows no evidence of 
involvement. 


Fig. 2 (Harrison). Pos- 
tero-anterior projection of 
orbits. Osteous overgrowth, 
very sharply defined, appar- 
ently involving the roof and 
apices of both orbits, entire 
anterior and upper surfaces 
of sphenoid bone, sphenoid 
sinuses, and probably large 
portion of the body of the 
sphenoid bone. Right side 
more marked than the left. 
Growth produces bulging 
and pressure in both anterior 
and middle fossas and could 
certainly cause external pres- 
sure on the optic nerves. 
The frontal sinuses are well 
developed. Antra are small 
and the right slightly hazy 
as compared with the left, 
but haziness is compatible 
with slight mucosal hyper- 
trophy. Ethmoid sinuses 
demonstrated in lateral view 
of the skull show moderate 
thickening of cell trabecula, 
but posterior cells probably 
are more involved than the 
study indicates. 
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similar in both eyes: The media were 
clear; the disc was round, definitely 
white, the lamina cribrosa easily observ- 
able, and the margins were clearly de- 
fined; there was little change in the ves- 
sels ; the macular region appeared normal, 
and there were no hemorrhages nor white 
spots. 

A provisional diagnosis of primary op- 
tic atrophy was made. 

The patient’s skin showed no rash, nor 
enlarged nodes. 

Neurologic examination. The history 
indicated a rapid loss of vision six months 
previously. The patient had had no head- 
ache at any time, but subsequent to. her 
loss of vision she became increasingly 
nervous and developed some difficulty in 
her speech. Examination revealed a timid, 
shy girl who did not speak spontaneously 
and in response to questioning spoke hesi- 
tantly. Station and gait showed some un- 
steadiness. This may have been due to 
loss of vision. An inconstant tremor was 
observed in the muscles of the face, 
tongue, and extended fingers. There was 
some dysneuria in the pronation-supina- 
tion test. The left biceps and patellar re- 
flexes were greater than those of the right. 
No definite pathologic reflexes were ob- 
served. The sensory examination was un- 
reliable, but no gross disturbance was ob- 
served. The sense of smell was intact. The 
ocular fundi showed bilateral primary 
optic atrophy. There was an inconstant 
coarse horizontal nystagmus on right lat- 
eral gaze. The pupils were equal, regular, 
and did not react to light. There was no 
facial, palatal, nor lingual weakness. 

Impression : This patient had a primary 
optic atrophy of each eye and a left-sided 
tendon hyperflexia. Although multiple 
sclerosis was a diagnostic possibility I 
did not believe it likely in this case. In 
view of the fact that two older siblings 
had died shortly after birth the most 
probable diagnosis was congenital neuro- 
syphilis, 


CLINICAL LABORATORY FINDINGS 


Urinalysis. Reaction, acid; sp. gr., 
1,020; albumin and sugar, negative. 

Meinicke test. Strongly positive, 4 plus. 

Wassermann test. Strongly positive: 4, 
4, 4, 4, 3. 

Kahn test. Strongly positive, 4 plus. 

Spinal-fluid test. Pressure 270 mm. of 
water on coughing; pressure 210 mm. of 
water; lymphocytes, 9 cells; globulin, 
weakly positive; gold sol. 2111100000; 
total protein, 48 mg. 

X-ray examination (November 19, 
1940). An osseous overgrowth, very 
sharply defined, apparently involves the 
roof and apices of both orbits, the entire 
anterior and upper surface of the sphe- 
noid bone, and probably a large portion of 
the body of the sphenoid bone; also the 
anterior clinoids. The structure is homo- 
geneous. It, however, produces bulging 
and pressure in both anterior and middle 
fossas and could certainly cause external 
pressure on the optic nerve. The pituitary 
fossa is not definitely encroached upon. 
The bones are of average density ; blood- 
vessel and suture markings appear nor- 
mal. There is no evidence of increased 
intracranial pressure, nor is a tumor out- 
line visible. 

X-ray examination (November 25, 
1940). Basalar and postero-anterior pro- 
jections show a definite expansion of the 
sphenoid bone, chiefly involving the right 
side, with considerable increase in density 
chiefly due to proliferation of osteoid tis- 
sue which in structure resemble true 
bone. There is no evidence of infiltration. 
The bone otherwise is smooth, and the ap- 
pearance is that of a benign osseous 
overgrowth. 

Final diagnosis: Osteoma of the orbits 
resulting in bilateral optic atrophy. 

Progress notes in hospital: Patient was 
given 2'% c.c. bismuth muscularly to be 
followed in several days by 0.15 grams of 
neo-arsphenamine. 
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SUMMARY and producing complete closure of the 
A 15-year-old colored girl suffering optic foramen bilaterally. Atrophy of the 
from congenital neuro-syphilis, developed Optic nerve due to pressure ensued, 
an osteoma involving the sphenoid bone 135 South Seventeenth Street, 
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A CASE OF EXOPHTHALMOS IN _ istry, serology, and roentgen studies shed 
A NEWBORN INFANT no light on the condition. A nose and 
MD. throat examination likewise yielded no 

results. 

San Angelo, Texas : 

The intraocular pressure was normal, 
as were the fundi, and the pupillary re- 
flexes. Exophthalmos had progressed to 
the degree that the lids no longer covered 


such a condition. the eyeball. The orbital tissues showed 
A. H., a white, male infant, 10 days marked tension but no fluctuation. 


old, was brought to my office on Novem- In view of the thorough examination 
ber 6, 1941, because of an extreme ex- that had been made, the evidence pointed 


Exophthalmos in the newborn in a rare 
occurrence, and the following case re- 
port concerns my first experience with 


to a noninflammatory orbital newgrowth. 
Upon consultation with another ophthal- 
mologist it was decided to probe the orbit 
with a large-bore needle in an attempt to 
aspirate fluid, and if this failed, to remove 
the tumor and exenterate the orbit. 
The operation was scheduled for the 
following morning, but most surprisingly 
the exophthalmos was found to have re- 
ceded as much as 40 percent (fig. 1). It 
Fig. 1 (Windham). Exophthalmos in a new- was evident that exposure to X rays dur- 
born infant. The photograph was taken 24 jing roentgenographic examination had 


hours after roentgenographic studies had been 
made, with a resultant 40-percent recession of brought about this amelioration of the 


the proptosis. condition, and surgical interference was 
therefore abandoned. The infant was re- 
ophthalmos of the left eye. This had sud- ferred to a radiologist for deep X-ray 
denly appeared on the sixth day after treatment. Twenty days after the initial 
birth and had gradually progressed. examination the eye appeared to be nor- 
Consultation with a pediatrician re- mal in every respect; the exophthalmos 
sulted in no observations of pathologic had completely disappeared. To date there 
changes. Complete laboratory examina- has been no recurrence. 
tions, including the blood picture, chem- 234 West Beauregard Street. 
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SOCIETY PROCEEDINGS 


EpITeD By Dr. RALPH H. MILLER 


CHICAGO OPHTHALMOLOGICAL 
SOCIETY 


March 17, 1941 
Dr. RicHarp C. GAMBLE, president 
CLINICAL MEETING 


(Presented by Department of Ophthal- 
mology, Billings Memorial Hospital.) 


DEGENERATION OF RETINA AND MACULA 


Dr. Joun W. Dootirtte. M., a man 
aged 75 years, was first seen in May, 
1936, at which time the diagnoses of ar- 
teriosclerotic cardiovascular disease, poly- 
cythemia vera, and argyria were made. 
The ophthalmic diagnosis was retinal 
arteriosclerosis and_ refractive error. 
Corrected vision of the right eye was 
0.8 + 2; left, 10—2. In March, 1939, 
vision of the left eye was 1/200 and could 
not be improved. The fundi revealed 
marked thinning of the retinas and varie- 
gated macular discoloration of the left 
eye. Diagnoses of retinal and choroidal 
vascular sclerosis and retinal and macular 
degeneration from polycythemic and vas- 
cular disease were added. In March, 1941, 
corrected vision in the right eye was 
0.8—1; in the left eye, vision suf- 
ficed to count fingers at one foot. The 
Bjerrum field displayed a 60-degree by 
35-degree central scotoma in the left eye. 


COALESCING DRUSEN OF EACH MACULA 


Dr. Justin M. Donecan. H. M., a 
man aged 83 years, complained only of 
some trouble in reading when first seen 
in October, 1939. Except for a well-devel- 
oped bilateral arcus senilis and infero- 
nasal riders in the periphery of each lens 
the ocular examination was negative. Cor- 
rected vision was R.E. 1.22—2; L.E. 


1.2 — 2, and he was able to read 4-point 
type. On a return consultation in Febru- 
ary, 1941, vision could not be improved 
beyond R.E. 0.6 — 2; L.E. 0.8 — 1. Ten- 
sion was 18 mm. Hg (Schiotz) in each 
eye. Central fields with a 1-mm. white 
target showed only slight concentric en- 
largement of each blind spot. No central 
scotomata could be elicited. Through di- 
lated pupils the macular region in each 
eye was seen to be occupied by a slightly 
raised area of dense, coalesced, hyaline 
deposits, 2 disc diameters in size. 


KUHNT-JUNIUS DISCIFORM MACULAR 


DEGENERATION 


Dr. RicHarp W. AsHLEY. Mrs. R. M., 
a white woman aged 58 years, complained 
of failure of near and distance vision of 
her right eye for four months and fail- 
ure of central vision of her left eye of 
three years’ duration. Corrected vision 
of the right eye was 0.3, and vision of 
the left eye, uncorrected, was 3/200, un- 
improved with a +2.50D. sphere, which 
had been prescribed by another physician. 
External examination was essentially nor- 
mal. Tension was R.E. 14 mm. Hg.; 
L.E. 13 mm, Hg. (Schidtz). A paredrine- 
homatropine refraction was performed, 
bringing about slight improvement in the 
correction for each eye. Upon ophthal- 
moscopic examination greatly marked ar- 
teriosclerotic vascular changes were ob- 
served. In the posterior poles of both 
retinas were multiple drusen. The macula 
of the left eye showed a well-defined 
elevated greenish-white mass involving 
the greater portion. This lesion was hori- 
zontal and oval, 2 by 1.5 disc diameters in 
extent. The whole mass had a tapiocalike 
surface covered with fine irregular lines. 
No hemorrhages were observed, The mac- 
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ula of the right eye presented a mottled 
appearance with pigmentary derange- 
ment. Below the fovea was a raised green- 
ish-white area, 0.5 disc diameters wide, 
appearing to be similar to the lesion in 
the macula of the left eye. Continuous 
with and below this was a crescent-shaped 
deep hemorrhage, 0.5 disc diameters wide. 
The Bjerrum field for the right eye when 
using a 5/1000-point target, showed an 
enlarged blind spot and a 2-degree rela- 
tive central scotoma. The Bjerrum field 
for the left eye, when using the same 
target, showed peripheral constriction of 
about 5 degrees, and a large central 
scotoma measured roughly 20 degrees in 
all meridians. 


CONGENITAL COLOBOMA OF THE IRIS 


Dr. WILLIAM RosENBERG. D. J., a boy 
aged seven years, who came to the clinic 
on March 5, 1941, was sent in by the 
school because of poor vision. He had 
worn no glasses, and had had no examina- 
tion under cycloplegia. A defect in the 
iris of the right eye had been observed 
when he was an infant. At the age of 
three years, he wore dark glasses be- 
cause of photophobia. There was a vague 
history of headaches. 

Vision was: R.E. 0.2; L.E. 1.2 + 1. 
The right eye revealed a V-shaped colo- 
boma with an apex 3 mm. wide, situated 
2.5 mm. from the limbus, and with a base 
8 mm. wide at the pupillary margin. The 
pupil of the left eye was normal. The iris 
of the left eye showed a brown area sit- 
uated between the pupil and periphery at 
the 6 :00-o’clock position. The background 
color was green. The appearance was that 
of partial absence of the iris. The fundus 
of each eye was normal. Visual fields 
were normal. Slitlamp examination re- 
vealed the lesion in the left eye to be an 
absence of outer iris network with visible 
underlying brown strands. 


BILATERAL CONGENITALLY 
LENS WITH ARACHNODACTYLY 


Dr. WitLttAM M. Jones. A Negro 
girl, aged 11 years, had been under ob. 
servation since July, 1938, because of 
poor vision in both eyes. Vision was RE. 
5/160; L.E. 5/160. Both lenses were dis. 
placed nasally and her fingers and toes 
were much longer than normal. There 
was no other physical anomaly. Vision 
was not improved by dynamic nor by 
static refraction. The ocular fundj ap- 
peared normal. 

In February, 1939, with the patient 
under general anesthesia, the lens of the 
left eye was extracted by means of a 
loop. There was loss of vitreous. One 
month later the lens of the right eye 
was extracted by the same method. Mani- 
fest vision of the left eye before dis- 
charge was brought up to 20/20. In April, 
1939, the mother reported sudden failure 
of vision and on her return to the hos- 
pital the child was found to have hemor- 
rhages in the anterior vitreous in each 
eye; vision was reduced to the ability 
to count fingers. The fundi could not be 
seen. After two weeks the hemorrhages 
cleared. 

On May 9, 1939, manifest vision, R.E., 
corrected was 20/20; L.E., 20/80. In 
September, 1940, the vision was essen- 
tially the same in each eye. 


ATYPICAL PIGMENTARY DEGENERATION OF 
THE RETINA 


Dr. Ravpu E. Kirscu. K. T., a white 
girl aged 13 years, was first seen in De- 
cember, 1940, because she had had pro- 
gressive failure of vision in each eye since 
the age of five years. Vision had become 
considerably poorer in the past three 
years and she had greatest difficulty in 
dim light. The family history was nega- 
tive; there was no history of consan- 
guinity. Vision, R.E., was 5/200; L.E., 
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5/200; corrected to R.E. 6/200; L.E. 
20/100. 

Posterior cortical granular opacities 
were found in the lens of the right eye; 
there was slight blurring of the disc mar- 
gins without elevation. The arteries were 
markedly attenuated. Both retinas were 
hazy and had a pale-pink mottled appear- 
ance throughout. There were small cir- 
cinate and irregular pigment aggregations 
scattered over the greater part of each 
retina, most of them deep in the retina. 
There were no typical bone-corpuscle pig- 
ment deposits. The peripheral fields 
showed constriction to 5 degrees, with 
a temporal island in each eye. Complete 
physical and laboratory examinations 


were negative. 


RETINITIS PIGMENTOSA 


Dr. JeEroME A. Gans. Three children 
of the same family were presented. L. E., 
a girl aged 16 years, came to the clinic 
in August, 1940, complaining of poor 
night vision, which had been present for 
three to five years and which was not 
relieved by glasses. There was no history 
of excessive obesity, defective hearing, 
extra fingers or toes, or mental retarda- 
tion in the family. The parents are first 
cousins. 

Under atropine refraction, vision R.E. 
and L.E., corrected, was 0.41. The an- 
terior segment appeared to be normal 
in each eye. There were a fine vitreous 
haze and a few small floaters. The discs 
were pale, poorly defined, and without 
elevation. Peripapillary choroidal mark- 
ings were increased. Both maculas 
showed absence of foveal reflex. The 
peripheral retinas showed mottled retinal 
atrophy with typical bone-corpuscle pig- 
mentation. The arteries were markedly 
attenuated. Peripheral fields were con- 
stricted to 10 degrees in each eye for a 
5-mm. white target at 330 mm. 

The patient had a chronic frontal, eth- 


moid, and maxillary sinusitis with posi- 
tive throat cultures of hemolytic strepto- 
cocci, and was having rheumatoid arthri- 
tis. An electrocardiogram showed evi- 
dence of myocardial damage. The antra 
were washed, with resultant clinical and 
cultural improvement. Vitamin-A and 
pan-vitamin preparations have been given. 
There has been but little change since she 
came under observation. 

S. E., the 15-year-old sister, gave no 
history of night blindness but admitted 
having to sit closer to the blackboard at 
school and to hold reading matter close 
for the past five years. 

Under atropine the corrected vision, 
R.E., was 0.41; L.E., 0.2. The fundi 
showed typical changes of retinitis pig- 
mentosa. Peripheral fields were con- 
stricted to 8 degrees in each eye for a 
5-mm. white target at 330 mm. 

W. E., the nine-year-old brother of the 
two patients, was examined to continue 
the family investigation. There were no 
eye symptoms. Under atropine correction 
the vision, R.E., was 0.5 — 2: L.E. was 
0.6 — 2. The vessels and retinas appeared 
entirely normal but fields were con- 
stricted to 10 degrees in each eye for a 
3-mm. white target at 330 mm. The par- 
ents’ eyes were normal. 

Blood pictures, serology, urinalysis, 
prothrombin estimation, and other studies 
were normal in all members of the fam- 
ily. 


KERATO-EPISCLERITIS WITH RETINAL 
COMPLICATIONS FOLLOWING’ TREAT- 
MENT WITH BRUCELLOSIS VACCINE 


Dr. JEROME A. Gans. V. H. C., a man 
aged 42 years, came to the clinic in June, 
1939, because of redness in the right eye 
of five weeks’ duration. The eye had been 
burned when he was 14 years old, and he 
had had attacks of injection several times 
in recent years, on one occasion relieved 
by extraction of a tooth. 
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An ulcerative keratitis was found, 
which responded to treatment with heat, 
atropine, and vitamins. Corrected vision 
in July, 1939, was 1.2 in each eye. 

On November 12, 1940, he returned. A 
kerato-episcleritis was found. Skin tests 
with tuberculin were negative; with me- 
litensis, a moderately positive reaction 
was found. He received the initial dose 
of Brucellosis vaccine on November 26th, 
and one week later noted distortion of 
images seen with the left eye. Vision 
was R.E. 1.2—1; LE. 12-3. A 4- 
degree paracentral scotoma was found 
in the left eye. Thirty-six hours after ad- 
ministration of the second dose of vac- 
cine, he noted a definite central scotoma 
which enlarged daily. Vision in the left 
eye dropped to 0.6+1. The macula 
showed a round foveal gray area, 0.5 
disc diameter wide ; adjacent to and above 
it was a hemorrhage one-third disc di- 
ameter in size. Vaccine therapy was dis- 
continued. During the next two months 
further laboratory studies were negative. 
Vision in the left eye dropped to 0.2 — 1, 
and in January, 1941, he was started on 
vasodilator therapy orally and by intra- 
venous injection. Vision improved to 0.8 
and the lesion has shown some improve- 
ment, but elevation and hemorrhage per- 
sist. 


THE MECHANICAL FACTORS IN THE ETI- 
OLOGY OF ACUTE GLAUCOMA 


Dr. H. S. SuGar read a paper on this 
subject which has been published in this 
Journal (August, 1941). 

Discussion. Dr. Michael Goldenburg 
did not wholly agree with some of the 
points made by Dr. Sugar, but com- 
mended his efforts to a better understand- 
ing of the glaucoma problem. Whether 
the classification, primary and secondary, 
is correct is an open question and depends 
on one’s viewpoint. For many years he 
had felt that every case of increased in- 
traocular pressure was secondary to 


something, regardless of the fact that in 
most cases the primary factor could not 
be found. Whether his own Classification, 
congestive or noncongestive, is good o; 
correct, is likewise debatable. This classi. 
fication was made because of his cop. 
viction that the entire glaucoma cycle 
was due to a disturbance of circulation, 
When the anterior chamber was opened 
and drainage good, all the acute symp- 
toms of glaucoma disappeared. He did 
not agree that the pushing forward of the 
iris is a primary factor, but believed it to 
be secondary to engorgement of the uveal 
vessels, particularly of the anterior seg- 
ment, to an irritant capable of producing 
dilation of the capillaries of the ciliary 
processes, which permits a freer escape 
of blood plasma and cellular elements, 
This changes the character of the aque- 
ous, which becomes richer in proteins, 
Krogh and other investigators of the an- 
atomy and physiology of capillaries have 
shown that capillaries can react inde- 
pendently of arterioles. More recently 
Corcoran and Page have shown that ar- 
terioles can react independently of capil- 
laries, as in essential hypertension. They 
have shown that in the kidney, renin is 
produced and, under certain conditions, 
becomes active in the presence of a sub- 
stance termed an activator. This, in turn, 
produces antiotonin, which causes con- 
striction of the arterioles but apparently 
has no effect on the capillaries, for a time 
at least. 

In the eye, something has been learned 
about chemical intermediaries such as 
sympathin, acetylcholine, and the es- 
teroses, which check or neutralize each 
other normally. At a recent meeting, Dr. 
Swindle presented some fine specimens 
of the circulation of the sclera and uvea 
and called attention to the occurrence of 
petechial infarcts which necessitated a 
rerouting of the blood stream, or compen- 
satory circulatory changes. He also 
called attention to the long thin arteries 


| 

Ww 

1 
al 
g 
ti 
1 
t 


SOCIETY PROCEEDINGS 1241 


which frequently become constricted and 
interfere with normal blood flow. 

To this variety of factors one must 
apparently look for creation of the 
groundwork for later disturbed circula- 
tion, Repetition, however, produces a 
state that cannot be so easily overcome, 
and if the irritant producing the reaction 
is sufficiently violent and the compensa- 
tory circulation is inadequate, congestion 
follows. 

The reports on glaucoma from India 
by Maynard, Kirwan, and others. during 
epidemic edema, the result of ingestion 
of diseased or parboiled rice, in which 
the anterior chamber and the drainage 
angle were normal but did not respond 
to miotics, and in which the only path- 
ologic finding was extreme dilation of the 
uveal vessels, is very suggestive. The 
autonomic nervous system must also re- 
ceive serious consideration. He mentioned 
a case presented before this Society many 
years ago—a typical case of the noncon- 
gestive type of glaucoma with a large 
iris coloboma in the region of the 12 :00- 
o’clock position. The fundus details could 
be seen clearly, but after about 20 or 30 
minutes, during which the patient was 
subjected to examinations and discussions 
by several observers, the cornea became 
hazy, the tension rose, and the fundus 
could not be seen. 

Three slides were shown from the col- 
lection of the late Professor Fuchs, in 
which the ciliary processes are markedly 
swollen and the iris pushed forward to 
various degrees ; another slide was shown 
from the Army Medical Museum at 
Washington, in which the drainage angle 
is free and open, and the cupping of the 
disc is marked. 

Dr. Thomas D. Allen. One point that 
is interesting is the taking of the ocular 
tension before and after dilation. This 
he had done for many years, and had di- 
lated many eyes to see if a glaucoma could 
be precipitated. In a number of instances 


there had been considerable rise in tension 
but always, as Dr. Sugar said, the tension 
was controlled by a miotic immediately. 
Dr. Sugar mentioned the advance of the 
ciliary zone of the iris on attempts to 
read. Was the tension taken before and 
after these attempts? That might give an 
interesting finding. 

Dr. Harry Woodruff mentioned being 
called in consultation in a case of acute 
congestive glaucoma following a goiter 
operation, several days before. One con- 
sultant insisted that it was a secondary 
glaucoma and that there had been previ- 
ous ciliary congestion or uveitis. That 
may have been true but there was no 
proof. The use of atropine for several 
days induced no change in the tension, 
which was definitely elevated. 

He himself took the position that it was 
an acute congestive glaucoma and re- 
quired immediate iridectomy. Consent to 
operate was finally obtained. A discussion 
followed as to whether an iridotasis or 
iridectomy should be done. The doctor 
in charge of the case performed an iri- 
dectomy in one eye and an iridotasis 
in the other. The result was equally good 
in each eye. 

Whether or not the primary fault is in 
the ciliary body, there are probably dif- 
ferent etiologic factors. One cannot spend 
much time in deciding whether it is sec- 
ondary or primary, however, because the 
ocular tension is the important factor. 
Operation gives almost 160-percent sat- 
isfactory results. As one grows older the 
various types of operation and the various 
explanations given for them lead one to 
think that perhaps after all iridectomy 
may be the operation most apt to supply 
the needed remedy or condition that will 
lead to recovery. Curran of Kansas City 
advocated iridotomy, making a small in- 
cision in the cornea, picking up the iris 
with the point of the knife, and making 
a small opening in the iris. The theory 
was that the iris rested on the lens too 
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closely. But the root iridectomy takes 
care of that particular feature. The root 
of the iris is an important part of the 
glaucoma picture, and if an iridectomy 
is performed, it is just as easy to get the 
root of the iris as to leave it. 

The term “compensatory” would make 
one think of the heart. While it is under- 
stood as applied to glaucoma, the laity 
or the general practitioner might have the 
idea that to be compensated means to be 
all right, whereas the so-called compen- 
sated glaucoma goes on to loss of vision 
from unreduced tension. The terms con- 
gestive and noncongestive are much more 
easily understood. 

Dr. Saul Sugar, in closing, thanked all 
the discussers and answered some of the 
points brought up. Dr. Goldenburg men- 
tioned that an increase in posterior ten- 
sion has a relation to the cause of acute 
glaucoma. It had been brought out that 
no change in the depth of the anterior 
chamber was found when it was measured 
before dilating and provoking glaucoma 
and when measured afterward. On the 
subject of excessive protein in the aque- 
ous, Dr. Kronfeld is probably best quali- 
fied to speak, but it is likely that most 
chemical examinations of the aqueous 
havé been made after an acute attack, 
when there is naturally an increase in pro- 
tein. In cases of an early attack, for in- 
stance of mydriatic glaucoma, the chemi- 
cal examination would undoubtedly be 
valuable. 

Dr. Gradle in 1931 described a pro- 
vocative reading test of 45 minutes, tak- 
ing the tension before and afterward. 


VISUAL-ACUITY TESTING OF CHILDREN 
(Motion picture) 


Dr. W. H. Fink of Minneapolis, Min- 
nesota (by invitation), made this pres- 
entation. 


Robert von der Heydt. 


NEW YORK SOCIETY For 
CLINICAL OPHTHALMOLOGy 


April 7, 1941 
Dr. Morris Davipson, presiding 


SYMPOSIUM ON RETINAL DETACHMEN? 


A NEEDLE FOR THE REMOVAL OF spp. 
RETINAL FLUID 


Dr. WALTER LoEwE exhibited a needle 
for the removal of subretinal fluid, con- 
sisting of a 24- to 27-gauge hypodermic 
needle with a very small bevel and fitted 
with a metal bead situated 1 mm.,, 15 
mm., and 2 mm. from the point to act asa 
stop. After the electrocoagulation pins 
have been inserted this subretinal needle, 
on a 1-c.c. hypodermic syringe, is pushed 
into the sclera up to the bead on the shaft 
and the subretinal fluid withdrawn. It is 
best to start with a 1.5-mm. needle, but if 
no fluid comes out a 2-mm. needle is in- 
serted in the same place. This assures ex- 
traction of all the subretinal fluid up to 
the choroid. 


PHOTOGRAPHIC DEMONSTRATION OF RET- 
INAL DETACHMENT 


Dr. EMANUEL ROSEN presented inter- 
esting pictures of the retina preceding and 
following operation for retinal detach- 
ment. 


PERSONAL EXPERIENCES WITH RETINAL 
DETACH MENT 


Dr. SicMunpD A. AGatston. Detach- 
ment of the retina occurs most frequently 
in moderate myopia coupled with trauma. 
Patients with healthy retinas surrounding 
retinal tears are better operative risks, 
and best results are obtained by diathermy 
when not too many cautery points are 
made and when no fluid is lost until com- 
pletion of the operation. Safar and Walk- 
er needles are more likely to stay in place 
when the current is applied intermittent- 
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ly and no mechanical pressure is exerted. 

It is best to get good exposure by per- 

forming a tenotomy on muscles over the 

area of detachment. Results lasting three 
months are generally permanent. 

Second detachments often follow in the 
“contre-coup” location, even when an- 
other hole is not found. They may also oc- 
cur in the same location when the retina is 
too flimsy to adhere or when new holes 
appear because the retina is structurally 
defective. It is best, therefore, not to place 
the cautery points too near the hole, but 
opposite healthy retina as far back as 
possible. It helps when the needle punc- 
tures are fortified by a few points of sur- 
face coagulation with the ball electrode. 
Many eyes that are in a hopeless condition 
are operated upon; they are better left 
alone. This frequently accounts for a low 
percentage of good results in the hands of 
some operators. Trauma after successful 
results does not cause redetachment of the 
area that has been operated on, but an- 
other area may be affected especially in 
cases of high myopia in which the retina 
is structurally defective. 

Dr. ConRAD BERENS. In 91 
for detachment of the retina performed 
by him during the last 15 years, complete 
reattachment was obtained in 19.7 per- 
cent, partial reattachment in 23.1 percent, 
complete detachment in 33 percent, no 
improvement in 14.2 percent, and there 
was no record of the final result in 10 per- 
cent. Although this is not a high per- 
centage of good results it should be con- 
sidered in the light of the fact that the 
cases were unselected and in operating 
several methods were employed, for the 
present technique and method of selec- 
tion were gradually evolved, and an at- 

tempt was made to reattach the retina in 
practically every case seen. Furthermore, 
the shortest period of observation in these 
cases was nine months. In his experience 


secondary detachment occurs frequently, 
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even after the lapse of a year. 

In two cases in which complete reat- 
tachment was obtained one man was out 
of bed on the fifth day and the other was 
doing bicycle exercises and lying on his 
face after the second day. These two ex- 
periences raise the question as to whether 
a shorter stay in bed would not serve the 
purpose. 

The following surgical method is now 
used: After physical and laboratory 
studies have been made, the pupil is di- 
lated and the tear carefully localized with 
the patient sitting and lying down. The 
limbus is marked with ink in the line of 
the tear. Electrolysis is preferred to pro- 
duce adhesions, and the position of the 
puncture controlled ophthalmoscopically. 
He has used the Walker and Grieshaber . 
needles, employing a 1% milliampere cur- 
rent. However, it is questionable whether 
a stronger current should not be used in 
some cases; for example, 5 milliamperes 
for five seconds. He uses diathermy and 
the Walker bident for shrinking the 
sclera, especially in myopic patients. He 
likes to remove the sclera with a trephine 
and make the puncture with a Lacarrére 
needle to insure drainage. When the low- 
er part of the retina is detached, the 
drainage openings are placed on either 
side of the inferior rectus muscle, and 
when the upper part is involved, on either 
side of the superior rectus muscle. In 
exposing the areas to be treated, a V- 
shaped incision in the conjunctiva be- 
tween the recti, with the apex toward the 
cornea, heals with less scarring and less 
edema than does a circular incision. The 
muscles are seldom detached, even to 
treat the macula, which he elects to treat 
in practically all cases. Several patients 
who had extramacular detachments de- 
veloped macular holes with recurrences in 
this region. In cases in which the prog- 
nosis is poor 1.0 c.c. of air is injected 
into the vitreous. 
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Operation should be performed if there 
is a possibility of regaining vision (par- 
ticularly if there is only one eye and there 
has been a detachment of the retina in the 
other eye) until a total detachment is op- 
erated on with no improvement. Definite 
contraindications are active inflammation 
of the uveal tract, detachment caused by 
tumor, detachment in which the retina is 
so degenerated and torn that there is no 
possible chance of closing holes and of 
the retina reattaching, and when there are 
obvious bands which keep the retina from 
reattaching. Even in these cases there is 
a possibility of cutting these bands and 
injecting air. 

Dr. Joun H. DunNiNGTON. The fore- 
most problem presented by a diagnosis of 
retinal detachment is the question of its 
nature. The possibility of the presence of 
an intraocular neoplasm must be ruled 
out. A small tumor near the posterior pole 
surrounded by a large wavy detachment 
is particularly difficult to diagnose. He 
has never encountered a retinal hole in 
any tumor case. No surgery should be 
done in the presence of any inflammatory 
signs. Intraocular pressure is important in 
prognosis. If the tension is 12 mm. Hg 
or above, the prognosis is much better 
than if it is 10 mm. or less. 

At the present time he uses surface 
diathermy over the greater portion of the 
detached area and perforates only in the 
region of the hole or cystic areas that 
might develop a hole later. Treatment 
should be minimal in flat detachments. 
Overtreatment is a common fault which 
may result in widespread destruction of 
the retina or extensive intraocular hemor- 
rhage. 

Of 63 cases treated in private practice, 
36 (57.1 percent) have been successful 
and 27 (42.9 percent) have been failures. 
In the latter the causes have been high 
myopia (11), extensive detachments (6), 
aphakia (2), intraocular hemorrhage (2), 


unknown (6). Relapses occurred jn ll 
cases. Seven of these eyes were operated 
on again, and successful reattachment o¢. 
curred in four. It is possible that in these 
11 cases some small peripheric detach. 
ment remained which became apparent 
after resumption of active life. One won. 
ders whether further curtailment of a¢- 
tivities is necessary to prevent such re. 
currences. 

Dr. ALGERNON B. REESE employs ayer- 
tin and local anesthesia. The Weve tips 
are used for surface coagulation with per. 
foration at the end of the operation. The 
latter is performed either with the per- 
forating needle of Weve, a trephining of 
the sclera, or an enlargement of a dia- 
thermy needle perforation with a blunt 
lacrimal probe. In an effort to avoid the 
long posterior ciliary artery, the perfora- 
made in the horizontal 
meridian. The position of the vortex veins 
is kept in mind and injury to them 
avoided. The fact that the sclera is only 
half to a third of its usual thickness just 
posterior to the insertions of the recti 
muscles is also kept in mind in the treat- 
ments. Never is more than 180 degrees of 
the scleral circumference treated at one 
operation, If such a large exposure should 
be required, one rectus is severed and 
other recti retracted if necessary. Good 
exposure is obtained by the use of the 
Arruga retractor. For the purpose of 
manipulating the eye a silk suture 1s 
placed in the stump of the severed rectus 
muscle. Sometimes identification 
sutures are placed at the limbus opposite 
the other recti muscles, so that complete 
orientation can be obtained at all times. 

The operative results can be improved 
if totally unsuitable cases are eliminated 
for operation. These consist mainly of 
late detachments following trauma and 
due to some contracting bands of organ- 
ized hemorrhage in the posterior chamber 
of the eye. Also, failures in older cases 


tion is never 


small 


of detachment are due sometimes to large 
secondary cysts which form in the de- 
tached retina and are unrecognized clini- 
cally. Particular attention is directed to 
Weve’s contentions that disinsertions at 
the ora are due to primary retinal cysts 
that are usually overlooked clinically. A 
successful reattachment should be ob- 
tained in almost all recent cases in which 
there is only a quadrant defect. The 
chance of securing a reattachment is less 
the greater the extent of the detachment. 

When the question of re-operation is 
considered, the condition of the vitreous 
is important and perhaps more important 
is the intraocular pressure. A re-operation 
should not be attempted in the presence of 
tension under 15 mm. Hg. If the intra- 
ocular pressure is low following an op- 
eration it will in time assume normal pro- 
portions. 

An argument in favor of trying to re- 
attach every retina where operation is in- 
dicated is that eyes with retinal detach- 
ments frequently develop a uveitis and 
secondary glaucoma, leading to enuclea- 
tion. A reattachment of the retina averts 
this outcome. 

The Lindner scleral shortening opera- 
tion seems to be indicated in late other- 
wise hopeless cases. In some instances it 
salvages enough vision to make the opera- 
tion worthwhile. One reason that this op- 
eration is indicated in late cases is that 
the developing gliosis in old detached 
retinas undergoes contracture and short- 
ens the retina, thereby making it a cord 
to the arc. It is necessary in such cases 
to bring the external tunics of the eye to 
the shortened retina. 

Dr. Mark SCHOENBERG. He had 60- 
percent complete reattachments in his last 
50 cases of retinal detachment. Important 
points in the diagnosis of retinal detach- 
ment were detailed history, maximum 
pupillary dilatation, careful examination 
of the other eye, a study of the vitreous 


SOCIETY PROCEEDINGS 


1245 


and tension, ruling out the presence of 
tumor, repeated examination of the eye 
during several consecutive days with the 
patient lying in different positions each 


day. 

He uses a combination of surface dia- 
thermy and scleral perforation. Impor- 
tant minor details in operative technique 
and removal of the speculum as soon as 
retractors can be introduced into the “sub- 
tenonic” space, avoidance of strong local 
corneal anesthetics, transillumination of 
the eye after preliminary separation of 
Tenon’s capsule, ophthalmoscopy during 
and after electrocoagulation, avoidance of 
tenotomies and loss of vitreous before the 
last stage of the operation. Important 
points in the postoperative care are care- 
ful dietary regulation, unobtrusive but 
firm nursing, and avoidance of visitors. 
No cathartics are given until the sixth 
day and no ophthalmoscopic examination 
is done for one week. Stenopeic glasses 
are permitted two weeks after operation 
and sutures are not removed earlier than 
the third week. The patient’s activities 
are drastically limited for two to four 
weeks after he is sent home. 


ROUND-TABLE DISCUSSION 
1. Is LOCALIZATION OF TEAR IMPORTANT? 


Dr. Reese. Some observers claim that 
a shrinkage of the vitreous is the primary 
lesion in retinal detachment and that the 
hole is secondary to it. They would argue 
that the localization of the hole is not im- 
portant. Most observers believe, though, 
that the hole is primary and it follows 
that the localization and treatment of the 
hole are important in securing a reattach- 
ment. It has not been determined satis- 
factorily yet whether the subretinal fluid 
stems from the vitreous or from the blood 
vessels of the choroid or retina. This point 
would be important in evaluating the im- 
portance of the hole. It seems probable 


n 

rated 

It Oc- 

these 

tach- 

Arent 

VOn- 

ac- 

re 

ver- 

tips 

per- 

The 
er- 
of 

lia- 

unt 

the 

Ta- 

ital 

ins 

em 

ily 
ist 
cti 
at- 
of 
ne 

Id 
d 
€ 

is 

1S 

n 

| 

| 


1246 SOCIETY PROCEEDINGS 


_that the hole is important in causing the 
detachment because myopic eyes in which 
the retina is stretched are more suscepti- 
ble, and trauma is so often a factor. On 
the contrary, it is interesting to note that 
not unfrequently one sees holes in the 
retina in microscopic sections with no de- 
tachment of the retina. From a practical 
standpoint, though, we must assume that 
the retinal hole or tear is important, 
should be accurately localized, and treat- 
ment directed to it. The reason the one 
picture in the Gonin operation was so ef- 
fective is that it was directed toward the 
hole. Indirect ophthalmoscopy is quite 
useful in identifying the hole. There 
should be bright illumination with a 300- 
to 400-watt lamp, as the detached retina 
absorbs considerable light. So frequently 
the holes are in the periphery of the 
retina, and with the indirect ophthalmo- 
scope One can see an appreciable dis- 
tance farther into the periphery of the 
fundus. A good rule to follow, if no hole 
- is found after the patient has been in 
bed, is to assume that the lesion is at the 
ora beyond visibility. Therefore, treat- 
ment should be directed to the region at 
the most suspected area. 


2. BEST METHOD OF DIFFERENTIAL DIAG- 
NOSIS BETWEEN SIMPLE DETACHMENT 
AND NEOPLASM ? 


Dr. Berens. The best method of differ- 
entiating between simple detachment and 
neoplasm is transillumination with low, 
well-localized illumination. Retrobulbar 
transillumination with direct ophthal- 
moscopy is also useful, I have never em- 
ployed the Purkinje vascular figures be- 
cause I have never observed a tumor 
patient early enough. 


3. How OFTEN HAS TUMOR BEEN FOUND 
AFTER OPERATION ? 


Dr. Reese. I know of only three pa- 


tients who have been operated on for de. 
tachment of the retina in whom it was 
discovered later that the detachment Was 
due to a melanoma of the choroid. In one 
of these the melanoma was discovered 
about 10 days after the operation, when 
the interior of the eye was examined, Jp 
another the melanoma was suspected at 
the time of the operation because so little 
subretinal fluid escaped. 

Every patient with a retinal detachment 
should be questioned regarding a general 
operation with particular regard to the 
breast and thyroid, having in mind the 
possibility of a metastatic carcinoma to 
the choroid. It is not uncommon even for 
a metastatic carcinoma to manifest itself 
in the eye before the primary site is de- 
tected. I have seen such cases occur from 
primary tumor in the thyroid, in the lung, 
and in the stomach. 


4. Is THERE ANY WAY TO PREVENT DE- 
TACH MENT? 


Dr. BERENS. Prevention of detachment 
is care of the myopic eye, especially care 
of chronic infection and the protection of 
the eyes from injury by the approved 
preventive methods. The treatment of 
areas of the retina involved by a pene- 
trating wound, by electrolysis, or other 
methods of producing adhesions is an 
important preventive measure. If trac- 
tion of vitreous bands (Gonin-Lindner) 
and cystic retinal degeneration (Fuchs) 
are on an inflammatory basis (Redslob), 
chronic infection (tuberculosis, . syphilis, 
and focal infection) should be prevented 
or properly treated. As we have recently 
observed five patients who developed de- 
tachment within a week following ex- 
traction of teeth with periapical infection, 
care should be exercised in the removal 
of these infections, especially in patients 
who have lost one eye through detachment 
of the retina (Hartman and Berens). 
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5, WHAT IS THE EFFECT OF STRENUOUS 
EXERCISE AFTER SUCCESSFUL OPERA- 
TION? 

Dr. DuNNINGTON. Strenuous exercise 
should be avoided for six months but can 
be resumed at the end of that period. Pa- 
tients with high myopia and fluid vitreous 
should refrain from violent exercise. 


6. Is DETACHMENT MORE COMMON IN 
MODERATE OR HIGH MYOPIA? WHY DOES 
IT NOT OCCUR MORE FREQUENTLY IN 
HIGH MYOPIA? 


Dr. Reese. The number of diopters of 
the myopia is not so important as is the 
amount of stretching present. A patient 
may have only 2 diopters of myopia but a 
great deal of stretching and have 6 diop- 
ters of myopia with little or no stretching. 
In the first instance let us assume that the 
eye has 4 diopters of hyperopia at birth 
and lengthened by 2 diopters, or a total of 
6 diopters. In the second instance let us 
assume that the eye had 2 diopters of 
myopia at birth and lengthened to 6 
diopters, or a total of 4 diopters. The 
stretching, which seems to be the im- 
portant factor in detachment, would be 
greater in the case in which the myopia as 
measured in diopters was less. 


7. BETWEEN WHAT LAYERS DOES THE DE- 
TACHMENT OCCUR? IF PIGMENT EPI- 
THELIUM STAYS BEHIND, WHY IS THE 
REFLEX RED? 


Dr. REESE. The detachment occurs be- 
tween the retina and the pigment epitheli- 
um, the two layers of the secondary optic 
vesicle which are in poor union through- 
out. There is no reason why the reflex 
should not be red if the pigment epitheli- 
um remains behind. An interesting thing 
is that a detached retina is usually not red 
but grayish to whitish in color, due, ap- 
parently, to the fact that it loses some or 
all of its transparency and becomes more 
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or less opaque. If the retina becomes re- 
attached the red reflex usually remains. 
This difference in the appearance of the 
retina may be due to the state of the sub- 
retinal fluid and not to a change in the 
state of the retina. 


8. IS SCLEROSIS OF THE CHOROIDAL VES- 
SELS A PREDISPOSING CAUSE? 


Dr. Reese. In sections of eyes which 
have suffered serious detachment of the 
retina I have never observed sclerosis of 
the choroidal vessels nor have I seen it 
clinically in such cases. 


9. WHAT IS THE PROGNOSIS IN APHAKIC 
EYES? 


Dr. DunninGcTON. The prognosis of 
aphakic eyes has been rather disappoint- 
ing in my personal experience. I have had 
30-percent successes. The failure is due 
to two reasons: 

(1) The difficulty in making complete 
fundus examination due to remnants of 
capsule and to posterior synechias which 
prevent thorough dilation. Localization 
of the hole is therefore more difficult. 

(2) The presence of connective-tissue 
bands in the vitreous such as occur after 
intraocular hemorrhage. These bands pre- 
dispose to failure. The successful cases 
were those in which holes were found and 
closed operatively. 


10. WouLD YOU OPERATE ON A PATIENT 
WITH PRODROMAL SIGNS OF DETACH- 
MENT (THAT IS, FLASHES, OPACITIES IN 
THE VITREOUS, GRAYING OF THE RETINA 
IN THE PERIPHERY) IN A PATIENT 
WHOSE OTHER EYE HAD HAD A DE- 
TACHMENT WHICH HAD BEEN OP- 
ERATED ON (1) SUCCESSFULLY, (2) 
UNSUCCESSFULLY ? 


Dr. DunnincTON. No, I would not; I 
would wait until one is certain that there 
is a detachment. If the patient who has 
had a detachment in the other eye has 
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prodromal symptoms, place him under ob- 
servation, but do not operate until the de- 
tachment occurs. 


11. How wouLpb vou ATTACK A COMPLETE 
DETACHMENT WITHOUUT A _ VISIBLE 
HOLE ? 


Dr. Berens. Electrolysis is applied to 
the upper half of the retina and macular 
region followed by diathermy, using the 
Walker bident. Drainage openings are 
made on each side of the superior and in- 
ferior rectus muscles with the Lacarrére 
needle. After two months, if the eye is 
white and the instillation of holocaine 
causes little congestion, electrolysis and 
diathermy are applied to the lower half 
of the retina. 


12. WHAT IS THE VALUE OF THE SHAHAN 
THERMOPHORE ? 


Dr. DUNNINGTON. It is a perfectly ef- 
fective method of creating surface adhe- 
sions but in my opinion has no advantage 
over the diathermy method. 


13. How OFTEN DOES MUSCLE PARALYSIS 
OCCUR AFTER OPERATION ? 


Dr. DunNiINGTON. In the 63 cases re- 
ported, only 2 had muscle imbalance that 
required prismatic correction of approxi- 
mately 2 degrees, base up or down, to 
correct a slight weakness of the inferior 
rectus. Most of the patients on whom I 
have operated have had one or more mus- 
cles severed. Cases have been reported of 
rather severe paralysis following treat- 
ment. Paralysis is due to adhesions be- 
tween the muscle and the treated sclera, 
which I believe results partly from oper- 
ating in a moist field. 


14. WHAT ARE THE COMPLICATIONS DUR- 
ING THE OPERATION AND AFTER OPERA- 
TION? 


Dr. Berens. In the cases reported from 
the New York Eye and Ear Infirmary the 
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most frequent complication at the time of 
operation was low tension of the eyeball, 
next in importance was loss of Vitreous, 
and then vitreous hemorrhage. 

The most frequent postoperative com. 
plications recorded in the literature 
include secondary holes, vitreous hemor. 
rhage, marked hyperphoria, endophthal- 
mitis, uveitis, secondary glaucoma, jr. 
docyclitis, and cataract. 


15. WHAT EFFECT HAS EARLY Loss op 
FLUID BEFORE COMPLETION OF OpERa- 
TION ON THE SUCCESS OF THE oPERa- 
TION? 

Dr. DUNNINGTON. Early loss of fluid 
before completion of operation creates a 
wet field which disseminates the current 
and is therefore undesirable, but I do not 
recall any failures definitely attributable 
to such an accident. In any case, after 
early loss of fluid care must be exercised 
to avoid overtreatment. 


16. HAS PERFORATION OF THE RETINA A 
BAD EFFECT ON THE RESULT? 


Dr. Reese. Perforation of the retina at 
the time of the operation perhaps occurs 
often. It is undesirable but probably has 
no untoward effect on the result because 
the coagulation and adhesion close the 


hole. 


17. How LONG SHOULD THE PATIENT RE- 
MAIN IN BED AFTER OPERATION AND 
WHAT OTHER POINTS ARE IMPORTANT 
IN AFTERCARE? 


Dr. BERENS. I still have no fixed opin- 
ion on the length of time a patient should 
remain in bed. It is certainly safe to keep 
them in bed and fairly flat for two or 
three weeks However, the best result I 


ever had was in a patient with a detach- | 
ment following cataract extraction in- 


volving the upper half of the retina, who 


sat up on the fifth day. Usually these pa- } 


tients are not out of the hospital for three 
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weeks. Because of our knowledge of heal- 
ing of wounds and evidences of hemor- 
rhage and inflammation in the eyes, it is 
advisable to bandage the eyes for one 
week after operation. In apprehensive pa- 
tients, I have placed a small hole in a 
Ring mask before the other eye after a 
day or two with no apparent harm. Atro- 
pine is instilled in both eyes. Patients, 
when possible, are placed on colonic irri- 
gatients every other day. Stenopeic spec- 
tacles are prescribed for a month after 
leaving the hospital. Also their pupils are 
dilated until all signs of inflammation dis- 


appear. 


18. How LONG SHOULD BOTH EYES BE 
COVERED ? 


Dr. BERENS. Two weeks, and allow the 
patient out of bed at that time. The pa- 
tient may be discharged from the hospital 
in three to four weeks. 


19. WouLD YOU OPERATE MORE THAN 
TWICE? How MANY ARE SUCCESSFUL 
AFTER TWO OR THREE OPERATIONS ? 


Dr. Berens. I have often operated 
more than twice. In the first success- 
ful case in my practice, I operated four 
times. We have had 15 complete reat- 
tachments after the first operation, 8 par- 
tial reattachments, 15 complete detach- 
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ments, and 10 cases of no improvement. 


After a second operation there has been 
complete reattachment in two cases, par- 
tial in eight, complete detachment in 11. 

In only one case after a fourth op- 
eration was there a complete reattach- 
ment; in one, after a fifth operation, a 
partial reattachment. 

Whether more than one operation 
should be performed depends upon the 
vision in the other eye, upon the age and 
health of the patient, and on individual 
factors. 


20. WHAT IS THE MEDICO-LEGAL ASPECT 
OF INDIRECT TRAUMA SUCH AS LIFTING, 
BLOWS ON THE HEAD IN EMETROPIA AND 
MYOPIA? (a) Workmen’s compensa- 
tion; (b) accident policy; (c) negli- 
gence cases? 


Dr. Berens. I believe that indirect 
trauma rarely causes detachment unless 
predisposing ocular factors are present. 

The principal factor seems to be a 
pathologic predisposition to detachment. 

From the literature and my experience, 
myopic patients with signs of inflamma- 
tion and cystic degeneration seem more 
likely to develop detachment than pa- 
tients with hyperopia. 

Sidney A. Fox, 
Secretary. 


7 
RE- 
AND 
ANT 
pin- 
) or | 
It I 
ich- 
in- 
vho 
pa- | 
ree 


AMERICAN JOURNAL OF OPHTHALMOLOGY 
| Published Monthly by the Ophthalmic Publishing Company 


EDITORIAL STAFF 


Lt.-Cor. Derrick M.C., U.S.A., Editor- 
in-Chief (on active duty) 
LAWRENCE T. Post, Acting Editor-in-Chief 
640 South Kingshighway, Saint Louis 
Epwarp JAcKSoN, Consulting Editor 
Republic Building, Denver 
WiiaM H. Crisp, Consulting Editor 
530 Metropolitan Building, Denver 
L. BENEDICT 
The Mayo Clinic, Rochester, Minnesota 
Grapy E. 
Medical Arts Building, Atlanta 
FREDERICK C. CorDEs 
384 Post Street, San Francisco 


RALPH H. MILLER 
803 Carew Tower, Cincinnati 
C. S. O’Brien 
The State University of Iowa, College of 
Medicine, Iowa City 
ALGERNON B. REESE 
73 East Seventy-first Street, New York 
M. Urise Troncoso 
500 West End Avenue, New York 
F. E. WoopruFF 
824 Metropolitan Building, Saint Louis 
ALAN C. Woops 
Wilmer Ophthalmological 
more 
Emma S. Buss, Manuscript Editor 
5428 Delmar Boulevard, Saint Louis 


Institute, Balti. 


Directors: LAwreNnce T. Post, President; WitttamM L. Benepict, Vice-President; Dowatp 
J. Lyte, Secretary and Treasurer; Epwarp JAcKsSON, WILLIAM H. Crisp, Harry S. Grapte, 

Address original papers, other scientific communications including correspondence, also books 
for review and reports of society proceedings to Dr. Lawrence T. Post, 640 South Kingshighway 
Saint Louis, Missouri. ‘ 

Exchange copies of medical journals should be sent to Dr. William H. Crisp, 530 Metropoli- 
tan Building, Denver, Colorado. 

Subscriptions, applications for single copies, notices of change of address, and communications 
with reference to advertising should be addressed to the Manager of Subscriptions and Advertising, 
837 Carew Tower, Cincinnati, Ohio. Copy of advertisements must be sent to the manager by the 
fifteenth of the month preceding its appearance. 

Author's proofs should be corrected and returned within forty-eight hours to the Manuscript 
Editor, Miss Emma S. Buss, 5428 Delmar Boulevard, Saint Louis, Missouri. Twenty-five reprints 
of each article will be supplied to the author without charge. Additional reprints may be obtained 
from the printer, the George Banta Publishing Company, 450-458 Ahnaip Street, Menasha, Wis- 
consin, if ordered at the time proofs are returned. But reprints to contain colored plates must be 


ordered when the article is accepted. 


THE EDITOR GOES TO WAR 


War has wrought many changes, but 
until this issue the Journal had suffered 
no loss. In the first week of September, 
however, the editor-in-chief was called 
into service to assume an important post 
in the ophthalmic division of the Army. 
No more valuable man could have been 
selected. The Journal, while feeling his 
loss deeply, cannot regret his departure in 
so good a cause, where the flower of our 
nation’s men must expend their efforts in 
defense of their homes and loved ones and 
of those who cannot go on active duty in 
the war effort. 

Dr. Vail, now Lieutenant Colonel Vail, 
has done fine work with the Journal since 


taking over almost two years ago. Too 
much praise cannot be given. It is some 
satisfaction to know that he is on leave 
of absence only, and has agreed to resume 
the helm on his return. 

Some changes will have to be made in 
the composition of the Journal, to con- 
form to different conditions. Obviously 
the number of articles to be abstracted 
has continually decreased from the begin- 
ning of the war, and since we entered the 
lists the European journals .have almost 
ceased to come across the water. This 
means a reduction in the size of our 
abstract department, which has been one 
of the best features of the Journal since 
Dr. Crisp took charge of it some 15 years 
ago. 
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If the subscription list does not suffer 
too severely in the war-time economy, it 
is planned to maintain the present size of 
the Journal. This will permit publication 
of more original articles and perhaps en- 
largement of the South American section. 
It is quite thinkable that among other 
grave losses by the Europeans in this con- 
fict will be those in the medical field, and 
in North and South America may well 
rest the hope of the medical future. Cer- 
tainly the bonds between these two great 
western continents are drawing yearly 
closer, and an interchange of ophthalmol- 
ogists, such as is contemplated and ac- 
tually under way as provided by the 
Kellogg Foundation, and exchange of 
ophthalmic literature will be helpful in 
accomplishing this end in our own spe- 
cialty. 

The editorial staff extends congratula- 
tions to Dr. Vail on his appointment, to 
the Army on its wise selection, and the 
editors wish their editor-in-chief a short 
service and a safe return. 

Lawrence T. Post. 


GOOD LIGHT 


At midnight, with no stars shining, in 
the midst of deep forests, we can still see 
the trunks of trees, the lighter sky over- 
head, stumps or bushes to be avoided. At 
noon, on a clear day we see fields with 
cattle, sheep, crops, and roads running 
between them, with moving vehicles. Our 
eyes are capable of immense variations in 
light that will serve useful purposes of 
vision. The human eye has enormous 
power of light and dark adaptation. 
Adaptation to bright light comes very 
quickly. Adaptation to darkness comes 
slowly. Those who have experimented in 
dark adaptation have found their eyes 
growing more sensitive to feeble light, 
after two, four, or eight hours. It is not 
certain that the full extent of adaptation 
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to darkness has been reached at the end 
of an experiment lasting 12 hours. 

Adaptation to bright light occurs quick- 
ly; the pupil contracts instantly, the lids 
almost close, so that the light that enters 
the eye through lids and sclera is evenly 
diffused over the whole retina. No par- 
ticular part will be seriously damaged by 
excessive stimulation. By the power of 
adaptation, vision commands an immense 
range of variation in the amount of light 
that may be useful for any particular 
problem of seeing. But the light of noon- 
day would have no particular advantage 
for avoiding trunks of trees or stumps 
in the forest. The light of midnight in the 
forest would be of no use for seeing 
specks of dust, ants, or different colors 
of flowers. What we wish to see clearly, 
demands a good light. 

The wide range of light adaptation has 
prevented men from appreciating the best 
light for the many things requiring ac- 
curate vision in the present industrial 
civilization—the threading of a needle, 
the exact placing of stitches, the reading 
of small letters, the recognition of slight 
differences in color, or the discrimination 
of closely drawn lines. The million things 
that have to be done by sight, demand the 
best possible light for each particular 
task. 

More attention to what is good light is 
needed in the offices of ophthalmologists. 
Vision is so important, so constantly de- 
pended upon, that we forget that the best 
light is needed where a wide range of 
light makes vision possible. Looking from 
my office window, across the plains to the 
mountains 12 miles away, an instant flash 
of light, the reflection of the sun from 
the polished surface of an automobile, 
reveals the location of a road, otherwise 
entirely invisible. Good vision is vision 
that is definite, quick, and easy. Definite 
to give us information that we can rely 
upon; quick to waste the least time in 
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the recognition of what we see; easy to 
be continued from hour to hour without 
undue fatigue of the delicate nervous ap- 
paratus of each particular retinal element, 
and the wide codrdinations commanded 
by sight. For continued important use of 
our eyes, the best light for that purpose 
is none too good. 

Anyone who has watched for mistakes 
in reading, even of letters on a test card, 
will know that the different letters of the 
alphabet are recognized by relatively 
small details of shape. In block letters 
T and A are not likely to be confused. 
But G, C, O, and Q are liable to be mis- 
taken, even on a line where other letters 
are perfectly recognized. Similarly S, B, 
and R are confused. In all reading of 
small letters, there are minute details in 
shape that are liable to be mistaken and 
are only certainly recognized by more 
light or more time and effort than the 
reading would otherwise require. Such 
minute expenditures of time and energy 
only need to be multiplied sufficiently to 
bring delay and weariness into the realm 
of consciousness. 

The most common cause of eyestrain, 
eye fatigue, is trying to see by insufficient 
light. Experiment with one’s own eyes, 
by reading or examining fine details in a 
reduced light, will give us a better under- 
standing of how much light is needed for 
any especial task. Only personal experi- 
ence with such experiments will convince 
the student that there is no possible sub- 
stitute for good light. In such experi- 
ments, there is a constant tendency to ac- 
cept as sufficient the light that just enables 
us to see enough to accomplish the im- 
mediate purpose, whether it be reading 
fine print, threading a needle, or anything 
else that may be used as a test. We must 
remember that this is only a threshold. 
A light that makes the test possible may 
be very much less than the light that 
makes it easy. Edward Jackson. 


GONIOSCOPY AND CHOICE oF 
GLAUCOMA OPERATION 


No better example of patient clinical 
investigation could be found than the 
study of the angle of the anterior cham- 
ber. In health and disease, the minute 
anatomy and physiology of this relatively 
obscure region play important parts, AJ. 
ready gonioscopy has yielded a number 
of practical suggestions as to the diagno- 
sis and treatment of different types of 
glaucoma. 

Sugar’s recent paper (American Jour- 
nal of Ophthalmology, 1942, volume 25, 
page 663) criticizes the belief of oph- 
thalmologists that gonioscopy is merely 
a research technique or a method of diag- 
nosis. That author characterizes goni- 
oscopy as the only accurate means where- 
by the ophthalmic surgeon advantageous- 
ly criticizes his own surgical results, 

Various writers have discussed the 
special gonioscopic appearance in_par- 
ticular forms of glaucoma or after certain 
glaucoma operations. Thus, among others, 
Kronfeld and Grossmann deal with sec- 
ondary glaucoma in surgical aphakia, 
Barkan with his own operation of goni- 
otomy, Clarke with cyclodialysis, and 
Sugar (in an earlier paper) with acute 
glaucoma. Sugar’s recent paper, with its 
restatement of the etiologic classification 
of glaucoma and its discussion of surgical 
details, may well be read in conjunction 
with a paper by Bangerter and Goldmann 
(of Bern, Switzerland) on the anterior 
chamber in primary glaucoma and choice 
of operation according to gonioscopic 
findings (Ophthalmologica, 1941, volume 
102, page 321). 

The observations of the Swiss authors 
are based upon a special technique, pre- 
viously described by Goldmann, in which 
the patient is examined in the erect posi- 
tion, by means of a contact glass which 
has a reflecting prism. The contact glass 
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is kept under control with the examiner’s 
thumb and finger and is rotated so as to 
bring the reflecting prism opposite to that 
part of the angle which is for the mo- 
ment under observation. 

It may be remarked in passing that the 
intricacies of this region of the eye, as 
described by skillful students of gonios- 
copy, are an eloquent reminder of the com- 
plications which may and do arise from 
slight variations in the technique of op- 
erations requiring incision at the angle. 
In extremely close proximity are found: 
(1) the corneoscleral trabeculum, behind 
which lies the canal of Schlemm; (2) the 
ciliary body, presenting in the depth of 
the angle; and (3) the root of the iris. 
The angle itself varies from a broad open 
angle, in the depth of which the ciliary 
body appears as a “slightly glistening 
grayish-brown band,” to a decidedly nar- 
row angle, only visible upon tilting of the 
contact glass. In a few cases the angle is 
so acutely angular that optical penetra- 
tion to the ciliary body is either impossi- 
ble or extremely difficult. 

Bangerter and Goldmann offer some 
interesting comments as to the basic 
changes in simple glaucoma. In this type 
they have never encountered closure of 
the anterior chamber, and there was often 
a completely normal angle. Many cases 
of simple glaucoma displayed either an 
abnormally large amount of pigment in 
the region of Schlemm’s canal, or a felt- 
like appearance of the ciliary body. In 
some but by no means all instances this 
feltlike appearance arose from desquama- 
tion of the lens capsule. 

The action of successful trephining is 
clearly related to the formation of a leak- 
ing bleb; while the action of iridencleisis 
is less simple, although also chiefly de- 
pendent upon the formation of a sub- 
conjunctival filtrating pad. Vannas and 
Otto Barkan appear to have demonstrated 
that an effective cyclodialysis works by 


establishment of permanent communica- 
tion between the anterior. chamber and 
the suprachoroidal space, and this conclu- 
sion is fully supported by the studies of 
Bangerter and Goldmann. 

After iridectomy Uribe Troncoso and 
Solanes, among others, were unable to 
demonstrate any relation between freeing 
of the angle and reduction of tension, al- 
though Sugar asserts that the primary ef- 
fect of iridectomy is either the opening of 
the chamber angle or the production of a 
filtrating cicatrix. It will be remembered 
that Holth based his argument in favor 
of intentional iris incarceration largely 
upon the contention that the most success- 
ful iridectomies were those in which tags 
of iris tissue had been caught between the 
lips of the corneoscleral wound. 

So far as glaucoma surgery is con- 
cerned, the investigations of Bangerter 
and Goldmann were especially applied to 
the indications for and the results ob- 
tained from iridectomy and cyclodialysis. 
These writers accept basal iridectomy as 
being still the operation of choice for de- 
compensated glaucoma. 

Cyclodialysis is regarded as offering a 
safe prospect of success only in cases 
where the chamber angle is not excessive- 
ly narrow. It is defined as the operation of 
choice in cases which present an “open 
angle.” 

In cases of inflammatory glaucoma 
which iridectomy has not completely re- 
lieved, Bangerter and Goldmann recom- 
mend that cyclodialysis be performed in 
the region of the iridectomy. Likewise, 
for cases of primary glaucoma in which 
the chamber angle is narrow these authors 
advise that cyclodialysis be preceded by 
iridectomy and that the cyclodialysis be 
then performed at the site of the iri- 
dectomy. 

Some of the most enthusiastic advo- 
cates of cyclodialysis have acknowledged 
that this operation yields permanent relief 
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from hypertension in not more than sixty 
percent of the cases, and must therefore 
often be performed repeatedly on the 
same eye. Nevertheless, the remarkable 
freedom of this operation from the dan- 
ger of late infection speaks strongly in 
favor of its use. There is rather general 
agreement that it is particularly effective 
in glaucoma following cataract extrac- 
tion, and Sugar calls cyclodialysis the only 
logical operation for this complication. 

Opinions differ as to the best technique 
for the performance of cyclodialysis. 
Some writers favor relatively limited, 
some a much more extensive, separation 
of the ciliary body. 

Sugar decreases the extent of sweep of 
the cyclodialysis spatula “by about one 
half,” to prevent excessive trauma and 
hemorrhage. He also avoids the horizon- 
tal meridian of the eyeball, to escape the 
danger of severance of the long posterior 
ciliary vessels, or painful pull on the 
nerves which are also found in that loca- 
tion. 

Bangerter and Goldmann make the 
scleral incision according to Blaskovics’s 
modification, in which the incision begins 
about eight millimeters from the limbus 
and runs radially instead of parallel to 
the limbus, and the spatula is made to en- 
ter the suprachoroidal space parallel to 
the limbal tangent and is next carried into 
the anterior chamber. Sugar’s suggestion 
that the cyclodialysis be undertaken 
above is rejected by Bangerter and Gold- 
mann on the ground that the chamber 
angle is normally narrowest in that loca- 
tion; and these authors favor perform- 
ing the cyclodialysis laterally (in the very 
location which Sugar avoids!) because 
the angle is broadest there. It is obvious 
that this advice will not apply to cylo- 
dialysis performed as a second operation 
after basal iridectomy. 

One notes a distinctly geographic varia- 
tion in the respective vogues of modern 


glaucoma operations. In areas more par- 
ticularly under the influence of Freng} 
surgical teaching the early Lagrange op. 
eration is still quite popular. In some 
English-speaking areas Elliot’s trephine 
operation prevails, while others have 
more definitely accepted the Scandinavian 
advocacy of iridencleisis or iridotasis 
Cyclodialysis, proposed by Heine in 190g 
has been extensively used in Germap. 
speaking countries, and in countries 
tributary to German educational instity. 
tions. Our own United States present. 
quite naturally, a composite picture of 
these various influences. 

It is probable that the results from any 
one type of operation vary not merely 
according to the difficulties presented by 
each case, but also with differences in the 
technique of the particular operation as 
taught by individual leaders in ophthalmic 
surgery. For example, important varia- 
tions are encountered in the finer details 
of performance of the iridencleisis opera- 
tion. 

We are incidentally led to suspect that, 
even among those most expert in its 
technique, gonioscopy cannot establish 
complete agreement as to comparative in- 
dications and technique in glaucoma op- 
erations. W. H. Crisp. 
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NURSING IN DISEASES OF THE 
EYE, EAR, NOSE, AND THROAT 
AS PRACTICED AT THE MAN- 
HATTAN EYE, EAR, AND 
THROAT HOSPITAL. Seventh edi- 
tion. By David H. Webster, M.D, 
John R. Page, M.D., Francis W. 
White, M.D., Robert E. Buckley, M.D., 
Daniel S. Cunning, M.D., Alfred G. 
Langmann, M.D., Andrew A. Eggston, 
M.D., and Hazel Emmett, R.N. Cloth- 
bound, 313 pages, 94 illustrations. 
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Philadelphia, W. B. Saunders Com- 

pany, 1942. Price $2.50. 

The seventh edition of this well-known 
book attempts to cover fundamental, spe- 
cial information, and nurse’s procedures 
peculiar to these fields. It is divided into 
five major divisions; eye, ear, nose, and 
throat, and a portion that includes chap- 
ters on subjects in a related field. Anato- 
my and physiology, including diagrams 
and text, are clear and well defined and 
are valuable as introductions to the in- 
cluded fields of study but, because it at- 
tempts to cover too much ground, no 
particular part of its material can be ade- 
quate. The nurse should find this book 
helpful as a review. Due to the omission 
of many phases of actual nursing care of 
the patient, it will prove inadequate as a 
reference text. The subject matter is 
repetitious probably because of the col- 
laboration of so many authors. The ex- 
plicit directions of the nurse’s care of the 
patient seem to be omitted or at least 
poorly outlined. As a simple text of eye, 
ear, nose, and throat conditions for 
nurse’s reference it is satisfactory. 

Monica Montgomery, R.N. 


BINOCULAR IMBALANCE. By Mar- 
garet Dobson, M.D. Clothbound, 91 pp., 
illustrated, indexed. London, H. K. 
Lewis and Co., Ltd., 1942. 

In her preface Miss Dobson limits her 
field to the establishment of correct re- 
lationship between the relative amplitudes 
of convergence and accommodation. The 
author begins with an exposition of the 
value of single binocular vision, a descrip- 
tion of tests for measuring it, and lists the 
causes to be checked when the findings 
show binocular imbalance. 

Taking each cause in turn Miss Dobson 
discusses the ocular muscles, with special 
reference to convergence and “‘ductions,” 
the influence of refraction errors, and the 


heterophorias. Each topic includes defini- 
tions, measurement techniques, and brief 
suggestions for correction by orthoptic 
exercises. 

All the material is very much con- 
densed. The volume makes a convenient 
summary of an often-neglected field of 
ocular discomfort. The test and measure- 
ments recommended are very largely sub- 
jective in their techniques. No sugges- 
tions are made for helping children or 
“difficult” adult patients to analyze their 
observations or to perform the exercises 
correctly. The nomenclature differs from 
the most acceptable standards in this 
country ; notably in the use of the terms 
“ductions” and “suspension of vision.” 
However, definitions are carefully given 
and there is no excuse for misunderstand- 
ing the author’s meaning. 

Orthoptic exercises are given in brief- 
est outline, and some of the apparatus is 
unfamiliar in this country. The exercises 
suggested are not well adapted for use 
with children. There are no case histories, 
and no mention of how long it would take 
to correct the various types of imbalance 
according to the author’s techniques. 

The chief value of the manual lies in 
its emphasis on the importance of the de- 
tection of muscle imbalances that are due 
to innervational causes, and their correct- 
ability by proper refraction and orthoptic 
exercises. The function of the various 
techniques is clearly outlined, but skill in 
their application is assumed rather than 
taught in this compact volume. 

Julia E. Lancaster, M.A. 


OBITUARY 


DR. WILLIAM HERBERT LOWRY 
1880-1942 


William Herbert Lowry, M.D.C.M., 
M.R.C.S., F.R.C.S. (C), the son of Wil- 
liam Hugh and Ann Jane Hill Lowry, 
was born in Acton, Ontario, on Septem- 


Par- 
rench 
e Op- 

SOme 

hine 

have 
aVian 
tasis, 
1908, 

nan- 
\tries 
stitu- 

sent, 
e of 

any 
rely 
d by 

the 
as 
Imic 
Tia- 
tails 
era- 
hat, 

its 
lish 
in- 

Op- 
D. 
HE 
AT = 
1D 

D,, 

W. 

D,, 

G. 
on, 


1256 OBITUARY 


ber 26, 1880. He chose to follow his fa- 
ther’s footsteps in medicine and gradu- 
ated in 1901 with the degree M.D.C.M., 
from Trinity University, Toronto, where 
his father had been gold medallist, al- 
though he had come as a boy from County 
Cork in Ireland. From Acton the Lowry 
family moved to Guelph in order that the 
children might have the educational ad- 
vantages of a larger city. 

Dr. William Herbert Lowry early de- 
cided to practice ophthalmology, and af- 
ter his university course at Toronto took 
his special training in England at London 
and Birmingham. On his return to Toron- 
to, in 1906, he was appointed to the staff 
of the Hospital for Sick Children, and in 
1919 became Surgeon-in-Chief of the 
Ophthalmic Department. In 1929 he was 
appointed Professor of Ophthalmology 
and head of the department at the Uni- 
versity of Toronto, succeeding Professor 
James MacCallum. Owing to ill health he 
resigned in 1941, and became Professor 
Emeritus of Ophthalmology, when Pro- 
fessor Walter Wright succeeded him. 

The first World War interrupted his 
practice, and he served with No. 4 Gen- 
eral Hospital in England and Salonika, in 
charge of ophthalmology. His rank as 
Major and later as Lieutenant-Colonel 
indicates that his valuable work received 
recognition. After the war he resumed 
his work in Toronto and rapidly estab- 
lished an extensive practice. His opinion 
was much sought after and in consultation 
he was helpful to patient and physician 
alike, his quiet manner inspiring confi- 
dence. It was characteristic of him that he 
interrupted his summer holiday to answer 
an urgent call, and it was at the home of 
his patient that he suffered the heart at- 
tack which resulted in his death on July 
13, 1942. 

On April 2, 1926, he married Lorna 
Corrine MacKendrick, who survives him 
with two daughters, Ann Corrine and 


Lorna Beverly, and two sons, William 
Gordon and Alan MacKendrick, He Wasa 
devoted husband and father and when the 
stress of work permitted it, an afternoon 
excursion into the country with his chil. 
dren appealed to him. He wanted to in. 
stil in them the love he had for oy, 
woods, streams, and sunshine. 

As a sportsman he enjoyed the games 
of golf and tennis, both of which he 
played well. In hunting it was the outdoor 
life that he liked and he admitted to hay- 
ing more interest in the ballistics of fire- 
arms than in their more usual purpose, 
He was an excellent shot, and his hobby 
was the collection of a wide variety of 
beautiful and accurate hunting equip- 
ment, of which he was a discriminating 
judge. More than a hobby for him was 
his summer home, situated on the river 
near Baysville, Lake-of-Bays. 

His professional activity was the de- 
spair of house-surgeons, who missed 
many breakfasts to be on hand for his 
early round, which he made before eight 
o'clock, even in winter with daylight- 
saving time. In the operating room he was 
deft and sure, giving a conservative but 
hopeful outlook that meant much to his 
patients, by whom he was held in high 
esteem. At his office he always had time 
for a little joke, and his patients came to 
feel they were his personal friends. His 
clinical notes were meager, but his mem- 
ory for details amazed his staff on many 
occasions. He made an effort to become 
familiar with the habits and home en- 
vironment of those he treated. He was an 
earnest and painstaking teacher, and was 
particularly interested in undergraduate 
training ; even after his retirement he pre- 
sented prizes to stimulate the interest of 
students in ophthalmology. 

Dr. Lowry’s personal habits were 
Spartan, and his character was a model 
of sincerity, kindliness, and integrity. His 
many friends and colleagues in all 
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branches of the profession will deeply 
regret the loss of one who was always 
helpful, unassuming, and companionable 
and who overlooked the shortcomings of 
others in a most charitable way. His oc- 
casional quiet criticism was offset by his 
staunch support for the loyal service of 
all who worked with him in his special 
feld and in the wider realm of medicine. 
Alexander E. MacDonald. 


CORRESPONDENCE 
September 4, 1942 
Editor, 
American Journal of Ophthalmology : 
May I point out-that if one takes the 
trouble to compare the power of the flexi- 
ble tips illustrated on page 986 of the 
August number, with the pull of a small 
hand magnet of comparable size, he will 
find that the hand magnet will exert a 
pull more than 10 times as powerful as 
the polar extension tips—not 10 percent 


more, but 1,000 percent more. The proper 
test object is a small bit of steel not over 
2 mm. in diameter, such as a ball-bearing 
ball, since the magnet is never used to pull 
large objects. 

In addition to its greater power, the 
small hand magnet weighing less than a 
pound is manipulated with incomparably 
greater ease and precision than the polar 
extension which is all the time attached 
to a practically immovable object. 

Of course the use of strabismus hooks 
or scissors or nails or any other polar ex- 
tension made magnetic by contact with the 
pole of a large magnet is equally or even 
more inefficient. 

Any one who tries to operate on a for- 
eign body in the anterior chamber with a 
giant magnet is sadly lacking in equip- 
ment or lamentably ignorant of how mag- 
nets work, or both.* 

(Signed) Walter B. Lancaster. 


* See The technique of extraction of intra- 
ocular foreign bodies. Amer. Jour. Surg., 1938, 
October. 
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ABSTRACT DEPARTMENT 


Epitep By Dr. WILLIAM H. Crisp 


Abstracts are classified under the divisions listed below, which broadly correspond to those 
formerly used in the Ophthalmic Year Book. It must be remembered that any given paper may 
belong to several divisions of ophthalmology, although here it is mentioned only in one. Not al 
of the headings will necessarily be found in any one issue of the Journal. 


CLASSIFICATION 


aqueous humor 
8. Glaucoma and ocular tension 
9. Crystalline lens 


1 


GENERAL METHODS OF DIAGNOSIS 


Baltin, M. W. X-ray diagnosis in 
ophthalmology. Publications Helm- 
holtz Inst. Ophth. (Russia), 1940, p. 
107-118. 


An analysis of the material of the 
X-ray department of the Institute from 
1921 to 1935 showed that not until 
1935 was the department adequately 
equipped, and only the material of the 
last five years is valid for comparison 
of X-ray and clinical data. Of 371 cases 
X-rayed for foreign bodies, 119 were 
positive; in 66, the foreign body was 
extracted with a magnet; in 46 cases 
the magnetic test, made repeatedly, was 
negative. In seven cases with a positive 
magnetic test the foreign body was not 
extracted. In most of the cases in which 
the magnetic test was negative, the 
foreign body was in the posterior ocular 
segment. In five cases with negative 
findings microscopic foreign bodies 
were extracted. To demonstrate small 
intraocular foreign bodies the roent- 
genogram should be taken so that the 


1. General methods of diagnosis 

2. Therapeutics and operations 

3. Physiologic optics, refraction, and color 
vision 

4. Ocular movements 

5. Conjunctiva 

6. Cornea and sclera 

7. Uveal tract, sympathetic disease, and 


10. Retina and vitreous 

11. Optic nerve and toxic amblyopias 

12. Visual tracts and centers 

13. Eyeball and orbit 

14. Eyelids and lacrimal apparatus 

15. Tumors 

16. Injuries 

17. Systemic diseases and parasites 

18. Hygiene, sociology, education, and history 

19. Anatomy, embryology, and comparative 
ophthalmology 


petrous pyramid does not overlie the 
orbit. For localizing the foreign body, 
Baltin uses a celluloid prothesis with 
markings similar to those on the Com- 
berg contact glass. In cases with nega- 
tive X-ray findings in face of positive 
clinical indications, bone-free X_ rays, 
after Vogt, are made. In several cases 
access to the eyeball for such X rays 
was facilitated by retrobulbar injections 
of 3 cm. of 1-percent novocaine. 
Roentgenograms are important in 
demonstrating orbital injuries, but it 
is difficult to demonstrate fractures in 
the inner orbital walls. To do so, it is 
necessary to take a number of expo- 
sures in different directions, using a 
long and narrow tube. Fissures in the 
bone are demonstrated only when the 
central light beam falls on them per- 
pendicularly. Fractures of the outer 
orbital wall are demonstrated much 
more easily. Roentgenography renders 
an important service in the diagnosis 
of sinus involvement in various. ocular 
diseases. In 105 cases of retrobulbar 
neuritis, sinus disease was demon- 
strated in 75 cases: the ethmoid was 
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‘avolved in 38 cases, the sphenoid in 
8 the antrum in 22, and the frontal in 
7 Roentgenography demonstrates also 
a close relation between dacryocystitis 
and sinus disease. Of 421 cases of 
chronic dacryocystitis, the frontal sinus 
was found diseased in 17 cases, the eth- 
moid in 84, and the antrum in 56. In 84 
cases of orbital phlegmon, involvement 
of the frontal sinus was found in 5 
cases, of the ethmoid in 22, and of the 
antrum in 12. In 70 cases of lacrimal 
fistula the frontal sinus was diseased in 
1 case, the ethmoid in 16, and the 
antrum in 20. Roentgenography of the 
lacrimal apparatus with iodipin is used 
frequently to demonstrate stricture of 
the lacrimal sac. 

An important field for X-ray study is 
presented by the middle cranial fossa 
and the sella turcica. In involvement of 
the optic pathways, it is inadequate to 
X-ray the sella turcica; the entire skull 
should be X-rayed in order to demon- 
strate widening, ossification, and calci- 
fication of the sutures. Of 415 cases of 
optic atrophy which were X-rayed, in 
105 the sella turcica was found abnor- 
mal. In 64 cases the picture was sug- 
gestive of intracellular growths, and in 
28 of these there appeared a uniform en- 
largement of the sella in all directions 
with thinning of its back. In 19 cases 
there was complete destruction of the 
sella; in 10, only a deepening of the 
floor with an antero-posterior enlarge- 
ment; and in 7 cases, only destruction 
of the posterior portions. In 14 cases 
there was a flattening of the sella and 
atrophy of the anterior and posterior 
clinoid processes, suggestive of a supra- 
sellar tumor. In three cases of parasel- 
lar tumor, the X-ray picture was that of 
a hyperostosis of the small and large 
wings of the sphenoid, and the clinical 
picture that of exophthalmos and optic 
atrophy. 


In two cases of acromegaly, there 
was complete destruction of the sella, 
and in one case considerable dilatation. 
Of 22 cases of bitemporal hemianopsia, 
the sella was abnormal in 16, the 
changes in most cases being indicative 
of intrasellar tumor. In five cases of 
homonymous hemianopsia the sella 
was normal, In 24 cases of optic 
atrophy, the entrance of the sella was 
narrowed or completely closed. Of 105 
cases of retrobulbar neuritis, the sella 
was pathologic in nine; in seven the 
changes were suggestive of an intra- 
sellar growth, in one of a suprasellar, 
and in one there was a considerable 
thickening of the clinoid processes. Of 
123 cases of optic neuritis, in 5 (all bi- 
lateral) the appearance of the sella was 
suggestive of a suprasellar tumor. In 
one case, there was, in addition, widen- 
ing of the digital impressions, particu- 
larly in the frontal bone. In 45 cases of 
choked disc, the sella was pathologic in 
23; in 13 there was widening of the 
sella with thinning of its walls, and in 
10, more or less destruction of the pos- 
terior wall and posterior clinoid proc- 
esses. In two cases, there was widening 
of the digital impressions without any 
change in the sella. In two cases of 
optic atrophy, sclerosis of the internal 
carotid was demonstrated by X ray. In 
24 cases of oxycephaly with optic 
atrophy, the X ray showed ossification 
of the sutures, shortening of the middle 
cranial fossa, and deepening of, the 
floor of the sella. 

In two cases clinically diagnosed as 
tumors of the optic nerve, the X ray 
demonstrated enlargement of the optic 
canal, there being in one case complete 
absence of the wall separating the 
canal from the orbital fissure. X rays 
of the optic canal demonstrated fissures 
and fractures in three cases of traumatic 
optic atrophy. Narrowing of the optic 
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canals was found in three cases of 
hyperostosis of the orbit. 
Ray K. Daily. 


De Long, P., and Howland, A. W. 
New aspects of ocular microérganisms 
revealed by the electron microscope. 
Trans. Amer. Ophth. Soc., 1941, v. 39, 
p. 335. 


The electron microscope is described 
and compared to the optical microscope. 
Preparation of specimens is also de- 
scribed and reasons given why, at the 
present time, the microscope cannot be 
used in tissue work. Studies of the fol- 
lowing organisms are presented with 
illustrations: streptococcus, staphylo- 
coccus, pneumococcus, tubercle bacil- 
lus, and bacillus xerosis. 

David O. Harrington. 


Hill, H. F. An evaluation of enlarge- 
ment of the blind spot of Mariotte in 
brain trauma in adults. Trans. Amer. 
Ophth. Soc., 1941, v. 39, p. 378. 


This very thorough review of the 
literature on the relationship of head 
trauma to changes in the blind spot 
discusses previous lack of recognition 
of this diagnostic aid. Hill reviews 122 
cases of brain trauma in an effort to 
ascertain the specific value of blind- 
spot measurements in various types of 
brain injury. He concludes that fre- 
quent plotting of the blind spot of Mari- 
otte should be of definite diagnostic 
value. The method seems to be of par- 
ticular value in differentiating between 
concussion and more severe brain in- 
jury. Blind-spot enlargement is of diag- 
nostic aid when ophthalmoscopic find- 
ings are negative. Enlargement of the 
blind spot may be the only symptom 
of increased intracranial pressure, and 
daily plotting of the spot seems to pro- 
vide an index of increase and decrease in 
that pressure. David O. Harrington. 


ABSTRACTS 


2 
THERAPEUTICS AND OPERATIONS 


Berens, Conrad. Plastic suture-plates 
for the closure of wounds in certain 
ophthalmic operations. Amer. Jour, 
Ophth., 1942, v. 25, Aug., p. 981. (One 
drawing, references.) 


MacGillivray, A. M. The use of M. 
and B. 693 in postoperative ocular sep. 
sis. Brit. Jour. Ophth., 1942, v. 26, July, 
pp. 309-310. 

A case of endophthalmitis following 
a trephine operation was controlled 
within 24 hours by the use of M. and 
B. 693. Six weeks later the trephine 
opening was draining well, the tension 
was normal, and the vision was 6/5. 


Edna M. Reynolds. 


3 


PHYSIOLOGIC OPTICS, REFRACTION, 
AND COLOR VISION 
MacDonald, A. E. Ocular kinetic 
righting reflexes. Trans. Amer. Ophth. 

Soc., 1941, v. 39, p. 214. 

The ocular righting reflex is one of 
the most primitive characteristics of 
animal life and may be compared to 
heliotropism and geotropism in plant 
life. Stereopsis results from the discrete 
position of two curved patches of pig- 
ment sensitive to the direction of light. 
The importance of pigment in the de- 
velopment of animal life has not been 
recorded as prerequisite in determining 
movement, timing, and stereopsis, as 
well as posture and position of the head. 
Action is associated with the upright 
position, which is slowly acquired after 
birth along with the development of 
the ocular righting reflex. Judgment 
and much training are essential in the 
correlation of complex relative move- 
ments. Ocular dominance as distinct 
from handedness should be investi- 
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gated, and a new method is suggested 
to accomplish this. The clinometer and 
curiopter are described. 

David O. Harrington. 


Moore, J. I. A visual-test card de- 
signed for use in examinations for the 
armed forces. Military Surgeon, 1942, 
vy, 90, June, p. 684. (See Amer. Jour. 
Ophth., 1942, v. 25, June, p. 747.) 


Sloan, L. L., and Newhall, S. M. 
Comparison of cases of atypical and 
typical achromatopsia. Amer. Jour. 
Ophth., 1942, v. 25, Aug., pp. 945-961. 
(3 tables, 9 figures, bibliography.) 


4 
OCULAR MOVEMENTS 


Alabaster, E. B., Rudd, C., and Tree, 
M. Two cases of orthoptic interest. 
Brit. Jour. Ophth., 1942, v. 26, July, 
pp. 304-309. 

The first case reported is one with a 
small degree of convergent squint of 
early onset (two years of age). Vision 
was good in both eyes. At the age of 
six years orthoptic training was com- 
menced and it was continued for three 
years. At the end of this time, the pa- 
tient was discharged with a small de- 
gree of squint still present and with 
poor duction and unsteady fusion. The 
patient received no further treatment 
for four years except the prescribing 
of spectacles. At the age of 13 years he 
returned with no squint present and 
with full stereoscopic vision. 

The second case reported is that of a 
patient aged 18 years who had a gross 
displacement of one eye to the extent 
of 1 cm. following a motor accident. 
This patient retained stereoscopic vision 
and showed entire absence of discom- 
fort of any kind. He experienced only 


a minor degree of diplopia and that for 
only a short time after the accident. He 
was given no orthoptic training. (2 
photographs, 1 diplopia field.) 

Edna M. Reynolds. 


Fagin, I. D. Chronic ophthalmoplegia 
externa. Amer. Jour. Ophth., 1942, v. 
25, Aug., pp. 968-973. (2 figures, refer- 
ences. ) 


Folger, H. P. Some observations on 
the surgical treatment of concomitant 
strabismus. Brit. Jour. Ophth., 1942, v. 
26, July, pp. 318-323. 

It is recommended that preoperative 
examination of a case of strabismus 
shall include (1) an estimation of visual 
acuity and refraction under cycloplegia, 
(2) estimation of the near point of con- 
vergence, (3) estimation of the devia- 
tion for distance and near in the six 
cardinal fields, and (4) estimation by 
the screen-comitance test or by Hirsch- 
berg’s test of the ocular motility and 
any associated vertical deviation. 

The choice of operation and the 
amount of correction are discussed. 
Early operation is advised to avoid 
complications due to secondary changes 
in the muscles. General intratracheal 
anesthesia is preferred to local anes- 
thesia. Postoperative treatment is out- 
lined. Edna M. Reynolds. 


Hughes, W. L., and Bogart, D. W. 
Recession of the trochlea in overaction 
of the superior oblique. Amer. Jour. 
Ophth., 1942, v. 25, Aug., pp. 911-915. (2 
drawings, two muscle-plotting charts.) 


Leinfelder, P. J., and Black, N. M., 
Jr. Experimental transposition of extra- 
ocular muscles in monkeys. Amer. Jour. 
Ophth., 1942, v. 25, Aug., pp. 974-976. 
(4 tables.) 
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CONJUNCTIVA 
Holmes, W. J. Epidemic infectious 
conjunctivitis. Hawaii Med. Jour., 


1941, v. 1, Nov., p. 11. 


Holmes reports an epidemic of in- 
fectious conjunctivitis in Honolulu dur- 
ing the summer of 1941. The disease 
was characterized by the usual inflam- 
matory signs and symptoms, plus mul- 
tiple subconjunctival hemorrhages in 
the tarsal areas, very little discharge, 
and frequent complication by multiple 
corneal infiltrates. No organisms were 
isolated. The disease was self-limited 
(two to six weeks), and therapy was 
of little avail. Robert O. Sherwood. 


Lewis, P. M. Gonococcal conjunctivi- 
tis: a comparison of sulfanilamide, sul- 
fapyridine, and sulfathiazole in the 
treatment of 120 cases. Trans. Amer. 
Ophth. Soc., 1941, v. 39, p. 322. 


Every case of gonococcal conjunctivi- 
tis should immediately receive adequate 
systemic treatment with sulfapyridine 
or sulfathiazole. Local instillation of a 
5-percent solution of sodium sulfathi- 
azole into the eye every two hours is 
of value as a supplement to systemic 
treatment. 

Sulfapyridine is remarkably effective 
in the treatment of gonococcal infec- 
tions of the eye. Sulfathiazole is some- 
what less effective. Both are definitely 
superior to sulfanilamide. 

David O. Harrington. 


Lyon, M. B. Case of conjunctivitis 
caused by staphylococcus aureus giving 
a strongly positive coagulase reaction. 
Amer. Jour. Ophth., 1942, v. 25, Aug., 
p. 983. 


MacCallan, A. F. Inclusion conjunc- 
tivitis, Brit. Jour. Ophth.; 1942, v. 26, 
June, p. 271. 


ABSTRACTS 


The clinical signs and course of ip. 
clusion conjunctivitis are described and 
the differential diagnosis between in- 
clusion conjunctivitis and trachoma js 
stated. A method by which satisfactory 
slides may be prepared with Giemsa 
stains is outlined and the microscopic 
appearance of elementary bodies and 
initial bodies is described. The mode of 
action of the sulfonamide drugs js 
discussed. Edna M. Reynolds, 


6 
CORNEA AND SCLERA 


Lyle, T. K., and Cross, A. G. Sclero- 
keratitis following phosphorus injury 
of the eye. Brit. Jour. Ophth., 1942, y. 
26, July, pp. 301-303. 

The case history showed numerous 
recurrences, separated by long inter- 
vals, over a period of 22 years. The 
clinical features were an episcleritis and 
scleritis of both eyes with corneal 
opacities close to the limbus. The cor- 
neal opacities were situated in the deep 
layers of the substantia propria and 
vascularization was slight and deep in 
position. Slitlamp examination showed 
minute punctate opacities in the deeper 
layers of the cornea with crystalline 


deposits in the scars. 
Edna M. Reynolds. 


8 
GLAUCOMA AND OCULAR TENSION 


Shlukova, B. D. Cataract extraction 
in glaucomatous eyes. Publications 
Helmholtz Inst. of Ophth. (Russia), 
1940, p. 27. (See Section 9, Crystalline 
lens. ) 


Sullivan, G. L. Glaucoma program 
at the Massachusetts Eye and Ear In- 
firmary. Sight-Saving Rev., 1942, v. 12, 
March, p. 36. 

The author confines his discussion to 
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chronic simple glaucoma. Physicians 
are urged to watch for the cardinal 
signs of the disease. The infirmary pro- 
ram includes supervised intraocular 
and field studies by staff members and 
house officers, staff conferences, social 
service, follow-up, and glaucoma 
classes. Each class is made up of 25 
glaucoma patients from the clinic. 
F. M. Crage. 


9 
CRYSTALLINE LENS 


Beetham, W. P. Cataract extraction 
with iridodialysis. Trans. Amer. Ophth. 
Soc., 1941, v. 39, p. 104. 

Beetham reports 122 cases of intra- 
capsular cataract extraction. He uses a 
modification of the Verhoeff technique 
in which the lens, within its capsule, is 
delivered through an iridodialysis open- 
ing instead of the usual iridectomy. The 
results were gratifying and the cosmetic 
and functional results usually good. In 
eyes in which both cataract and glau- 
coma were present, the glaucoma was 
favorably affected by removal of the 
cataractous lens through the iridodi- 
alysis opening. David O. Harrington. 


Goldenberg, A. Z. Extraction of com- 
plicated cataract. Publications Helm- 
holtz Inst. Ophth. (Russia), 1942, p. 
43. 


A review of the histories of 233 op- 
erations performed from 1900 to 1935, 
inclusive, leads to the conclusion that 
the extraction of complicated cataract 
improves vision in a considerable num- 
ber of cases. Of these patients 76.8 per- 
cent were under forty years of age. The 
age of the patients, the clinical type of 
the cataract, and the presence of patho- 
logic changes in the anterior ocular seg- 
ment show that this material represents 
complicated cataracts developed as a 
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result of chronic iridocyclitis or uveitis. 
In each case the cataract extraction 
was performed after conclusion of the 
inflammatory process and return of 
tension to normal. Three cataracts 
were extracted in hypotensive eyes; 
the tension in these eyes did not return 
to normal, but the eyes did not go on 
to atrophy, as often happens in sur- 
gery on hypotensive eyes. 

Of the total number of patients, all of 
whom had been blind, 19 percent had 
restoration of vision from 0.1 to 1.0, and 
7.6 percent from 0.05 to 0.1. This degree 
of visual restoration permits vocational 
rehabilitation, and dispenses with the 
need of a caretaker. Bilateral extraction 
of complicated cataract may lead to 
considerable restoration of visual acu- 
ity and to binocular vision. Of the cases 
recorded 2.2 percent had bilateral ex- 
traction with final visual acuity of 0.1 
percent in each eye. Cataract extraction 
in heterochromia approximates uncom- 
plicated extractions in its postoperative 
course and visual results. Of 12 extrac- 
tions in heterochromia, visual acuity 
was 1.00 in 4 cases, 0.7 to 0.2 in 6 cases, 
and below 0.1 in 2 cases. 

Most favorable of uveitic cataracts 
are those of toxic etiology. The greater 
frequency of operative and postopera- 
tive complications in cataract resulting 
from luetic, tuberculous, and sympa- 
thetic iridocyclitis is due to the pro- 
found pathologic processes to which 
these eyes have been subjected. In 
extraction of uveitic cataract of toxic 
origin, there was no vitreous loss ; post- 
operative complications occurred in 17 
percent of the cases, and improved 
visual acuity resulted in 61.5 percent. 
In other types of uveitic cataract, there 
was vitreous loss in 20 percent, post- 
operative complications in 30 percent, 
and improved visual acuity in 43.3 per- 
cent. Cosmetically the results were sat- 
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isfactory in all cases, without a single 
instance of atrophy of the eyeball, even 
though some cases were without light 
projection. Loss of the eyeball occurred 
in 1.8 percent of the cases, including 
one of expulsive hemorrhage. Golden- 
berg considers a linear extraction with 
a round pupil the most suitable method 
in patients under forty years of age. 
The least satisfactory results were ob- 
tained in cases with complete or pre- 
liminary iridectomy. In linear extrac- 
tion with a round pupil, 55.3 percent 
of the cases had an uncomplicated post- 
operative course; in extraction with 
iridectomy, the percentage of uncom- 
plicated recoveries was 28.2 percent. 
These results are at variance with those 
reported by Seefelder, Shatak, and oth- 
ers who advocate intracapsular extrac- 
tion of complicated cataract. In the 
author’s material, intracapsular extrac- 
tion had the highest percentage of post- 
operative complications. The most fre- 
quent complications in extraction of 
complicated cataract were vitreous loss, 
hemorrhage into the anterior chamber, 
iritis, and iridocyclitis. Loss of vitreous 
occurred in 8.9 percent of the cases of 
linear extraction, and in 38 percent of 
the cases of combined extraction. 
Hemorrhage into the anterior chamber 
occurred in 5.3 percent of the cases of 
linear extraction and in 27 percent of 
the cases with preliminary iridectomy. 
Iritis and iridocyclitis occurred in 21.5 
percent of the cases. Discission preced- 
ing linear extraction raised the number 
of postoperative complications. 
Ray K. Daily. 


McArevey, J. B. A first hundred cases 
of intracapsular cataract extractions. 
Brit. Jour. Ophth., 1942, v. 26, June, p. 
275. 


The minimum age of the patients was 
50 years and the maximum 88 years. 
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The lens was delivered in its capsule 
in 67 cases. These patients required an 
average of 15.6 days in the hospital, 
The 33 patients whose lenses were not 
delivered in capsule required an ayer. 
age of 15.2 days in hospital. 

The complications which occurred in 
the intracapsular group were: loss of 
vitreous in three cases, postoperative 
iridocyclitis in three cases, and jris 
prolapse in one case. In the extracap- 
sular group, the complications which 
oceurred were: expulsive hemorrhage 
in one case, panophthalmitis in one 
case, and loss of vitreous in two cases. 

In the intracapsular group, 60 out of 
67 patients had vision of 6/12 or better. 
The causes of low visual result were: 
death from a heart attack in one case, 
detached retina in one case, occlusio 
pupillae following iridocyclitis in one 
case, gross fundus changes in two 
cases, and postoperative hemorrhage in 
one case. In the extracapsular group, 
cortical and capsular remains were the 
cause of low vision in nine cases. 

Edna M. Reynolds. 


Maggiore, L. Histologic researches, 
with clinical deductions, on the normal 
and abnormal reparative processes of 
the corneal wound and on the course 
and outcome of the various complica- 
tions in eyes operated upon for cataract. 
Ann. di Ottal. e Clin. Ocul., 1940, v. 
68, Aug., pp. 561-615; Sept., pp. 641- 
667; Oct., pp. 721-758; Dec., pp. 881- 
913; and 1941, v. 69, Jan., pp. 1-26. 

(The first installment, which com- 
prises part one, and the concluding in- 
stailments of this serially published 
article were unavailable to the writer 
of this abstract.) 

In part two are discussed reparative 
processes unattended by ill conse- 
quences. The histologic findings in 12 
eyes are reported in detail, with 19 
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photomicrographs, and are critically 
discussed. In some of the slides the 
union of the cut edges of Bowman’s 
and Descemet’s membranes was so per- 
fect that no trace of the corneal section 
could be discovered, and in one case 
the surfaces of the corneal stroma had 
united so perfectly that the only sign 
permitting recognition of the site of the 
section was the absence of interlamellar 
spaces. Postoperative striate opacities 
of the cornea, which owe their charac- 
teristic appearance to folds in the deep 
layers of the stroma and in Descemet’s 
membrane, are caused by imbibition of 
aqueous, which enlarges the interlamel- 
lar spaces in the direction of least ten- 
sion. Hence the duration of these opaci- 
ties stands in close relation to the time 
required for restoration of the anterior 
chamber. Since they occur only in some 
cases, and in spite of a_ technically 
correct section, predisposing factors as 
yet undetermined are assumed to be 
present. From all points of view a care- 
fully executed limbal section is best. 
The interposition of iris or ciliary body 
between the lips of the wound not 
only does not induce reaction in the 
corneal tissue but inhibits the normal 
process of cicatrization. The pigment 
cells of uveal tissue present a most 
efficacious barrier against normal pro- 
liferation of the lips of the wound. A 
portion of the lens capsule may remain 
wedged in the wound without change 
for an indefinite period, since it is not 
subject to attack by any ocular inflam- 
matory process. Lens capsule in the 
wound presents an even greater obsta- 
cle to union than the iris, and is often 
the cause of an ectatic cicatrix. Vitre- 
ous, on the other hand, may delay for- 
mation of the scar, but since it gradu- 
ally undergoes spontaneous dissolution 
its effect is only temporary, and normal 
healing may eventually take place. 
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Part 3 deals with glaucomatous com- 
plications, which for convenience of ex- 
position are divided into two groups. 
In the first are put those cases where 
the glaucoma may be considered as an 
unavoidable consequence of some op- 
erative fault (such as incarceration of 
iris, lens capsule, or zonular fibers in 
the wound), and in the other group are 
included cases of glaucoma secondary 
to serous or plastic iridocyclitis. The 
literature is reviewed at great length 
and summarized. With respect to glau- 
coma following discission of an after- 
cataract, Maggiore holds that traction 
upon the iris and ciliary body may set 
up inflammation with production of 
albumin and exudates which render 
difficult the escape of aqueous. The 
author gives a detailed description and 
critical analysis of the histologic find- 
ings in 17 eyes together with 25 
photomicrographs. The problem of 
determining how much time must 
elapse after an operation before glau- 
coma séts in is raised and found unan- 
swerable; the time is extremely vari- 
able, because variable and numerous 
are the conditions which may cause or 
influence the development of glaucoma. 
In primary inflammation of the iris and 
ciliary body, glaucoma more frequently 
results from simple occlusion of the 
pupil, less frequently from deposits of 
exudate on the surface of the iris and 
consequent formation of adhesions be- 
tween the root of the iris and the 
sclerocorneal trabecula. Glaucomatous 
complications of strictly mechanical 
origin occur more commonly in simple 
extraction without iridectomy, but on 
the other hand in the presence of an 
iridectomy a bit of capsule or zonular 
fiber may more easily become caught 
in the wound and thus initiate a glau- 
comatous process. Maggiore lays down 
the principle that surgical treatment of 
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postoperative glaucoma should be 
timely rather than delayed, since 
changes may eventually take place that 
render ineffective any surgical proce- 
dure (such as synechiotomy, discission, 
or removal of a complicated aftercata- 
ract, iridectomy in other sectors of the 
iris, and sclerectomy). 

Chapter 4 of part 3 is devoted to late 
glaucomatous complications in aphakic 
eyes with proliferation of epithelium 
in the anterior chamber. A detailed re- 
port and analysis is given of two cases. 
The first of these was a typical case of 
penetration of corneal epithelium into 
the anterior chamber, with consequent 
proliferation upon the deep surface of 
the cornea and upon the iris. The sec- 
ond was a very rare case of proliferation 
of lenticular epithelium and investment 
of the anterior surface of the iris and of 
part of the posterior surface of the 
cornea. Maggiore holds that delayed 
formation of the anterior chamber (al- 
though an indispensable factor) and 
consequent hypotony are not sufficient 
to account for the penetration of cor- 
neal epithelium. The latter has a much 
better opportunity of penetrating if a 
bit of perfectly smooth substance, such 
as lens capsule, is caught in the wound. 
The corneal epithelium may grow along 
this and so reach the anterior chamber, 
before the wound is healed. Glaucoma 
naturally develops when the angle is 
invested with epithelium, but other 
factors causing a rise in intraocular 
pressure may be present. Hence X-ray 
treatment, although it may inhibit pro- 
liferation of epithelium, yet may not 
cure the glaucoma. In any case at- 
tempts at X-ray therapy should be 
made as early as possible. Epitheliza- 
tion of the anterior chamber does not 
occur in eyes in which operation for 
cataract has been executed with fault- 
less technique and in which the post- 


operative course has been uncompli- 
cated. Harry K. Messenger, 


Shlukova, B. D. Cataract extraction 
in glaucomatous eyes. Publications 
Helmholtz Inst. Ophth. (Russia), 1949, 

Among 7,094 senile cataract extrac. 
tions, performed in 1935, 280 were in 
eyes affected with primary or second- 
ary glaucoma. Most of the cases of sec- 
ondary glaucoma were caused by trau- 
matic cataract. Glaucomatous cataract 
is not included in this survey. In 239 
of the cases primary glaucoma was 
present, and in 41, secondary glaucoma, 
Seventy percent of the patients were 
under 40 years of age, and 2 percent 
under 15; the last group consisted of 
cases of traumatic and _ iridocyclitic 
cataract. There was only one case of 
primary glaucoma with cataract in a 
patient under forty years. The average 
hospitalization period was 32.8 days, of 
which 21.7 were postoperative ; this is 
obviously a prolonged hospitalization 
period in comparison with senile cata- 
ract cases. In 61 percent of the cases, 
glaucoma was bilateral, and in 21 per- 
cent it was almost absolute in one eye. 
In 11 cases of absolute glaucoma, the 
extraction was performed for the relief 
of pain. ; 

Ninety-five case records containing 
accurate tonometric data indicate that 
tension was raised in 73.5 percent, and 
was within normal limits in 22 percent. 
Of 62 cases with normal tension, 53 had 
been operated upon: 40 iridectomies, 7 
Elliot trephinings, 3 sclerotomies, and 
3 cataract extractions. In 136 of the 280 
cases, an iridectomy was performed. 
This was effective in reducing tension 
in spite of the development of cataract, 
and in 40 of these cases tension was re- 
duced to normal. The Elliot trephin- 
ing reduced tension to normal in 7 out 
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of 9 cases. Sclerotomy was effective in 
2 out of 5 cases. 

Three eyes were lost from expulsive 
hemorrhage during the cataract extrac- 
tion. Loss of vitreous occurred in 30 
percent of the cases, delayed restoration 
of the anterior chamber in 27 percent, 
and rupture of the wound in 14.5 per- 
cent. In 32.5 percent, the postoperative 
course was uneventful. Fifty-four per- 
cent of the patients were discharged 
with normal tension, which represents 
36 increase over the percentage enter- 
ing the hospital with normal tension. 

The results in terms of visual acuity 
were better than in terms of tension. At 
the time of discharge, 56 percent of the 
patients had useful vision, 40 percent 
had better than 0.1 corrected vision, and 
16 percent had 0.05 to 0.1. Of the 41 pa- 
tients whose glaucoma was secondary 
to traumatic cataract (young people), 
20 were discharged blind; not one had 
vision above 0.5. The percentage of pa- 
tients discharged with 0.1 to 0.5 vision 
was three times as high in the primary 
glaucoma group as in the secondary. In 
secondary glaucoma, the results were 
inferior also as related to tension. The 
cases recorded as failures were in many 
instances cases of absolute glaucoma 
operated on for relief of pain, which 
was achieved in all but one case. On the 
whole, satisfactory results in second- 
ary glaucoma were obtained only in 
those cases which had preoperatively 
correct light projection, only a moder- 
ate rise in tension, and no dislocation or 
subluxation of the lens. All ten eyes 
with dislocated lenses were finally 
blind. Generally the results were better 
in cases of primary than in those of 
secondary glaucoma, and better in in- 
flammatory than in simple glaucoma. 

Of the 280 cases, 225 were of senile 
cataract, and 80 percent of these were 
mature or almost mature. At discharge, 


tension was reduced in 54 percent of 
the cases, and vision was above 0.1 
in 72 percent. In this group the results 
were better as regards both vision and 
tension. The operation is simpler and 
the postoperative course freer of com- 
plications. 

The conclusions are that cataract ex- 
traction is indicated in glaucomatous 
eyes, and that satisfactory results may 
be obtained in spite of the fact that the 
operation is apt to be complicated dur- 
ing and after its performance. The most 
satisfactory results are to be expected 
in eyes which are in good condition 
preoperatively as to tension, light pro- 


jection, and visual fields. 
Ray K. Daily. 


10 
RETINA AND VITREOUS 


Fox, S. A., and Gelfand, M. L. Bi- 
lateral exudative retinitis in a case of 
cerebral hemorrhage; chrysotherapy 
with recovery. Amer. Jour. Ophth., 
1942, v. 25, Aug., pp. 984-985. 


Rosenblum, M. E. Detachment of 
the retina. Publications Helmholtz 
Inst. Ophth. (Russia), 1940, p. 75. 

The contemporary rise of interest in 
retinal detachment may be gleaned 
from the material of the Helmholtz In- 
stitute: from 1910 to 1929, only 85 ret- 
inal-detachment cases were recorded; 
while from 1930 to 1935 there were 247 
such records. Up to 1913 the treatment 
was conservative and consisted of tu- 
berculin, pilocarpine sweats, iodine and 
mercury internally, and subconjunc- 
tival injections of saline and dionin. Of 
67 cases thus treated, the retina reat- 
tached in three ; visual acuity and fields 
improved in 21, became worse in 9; in 
2 the result is not stated. Surgical 
treatment began in 1914, with sclero- 
puncture in one case. This was ineffec- 
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tive. In 1919 a Holth trephining per- 
formed in one case was also without 
effect. In 1926, ten detachments were 
treated by the Lagrange colmatage. 
Seven cases remained unchanged, two 
were improved, and one became worse. 
In 1928, six cases were treated without 
success with galvanocautery at the 
point of greatest detachment. 

In 1929, the search for a retinal tear 
became a fundamental point in the sur- 
gery of retinal detachment. Since that 
time 56 patients have submitted to the 
Gonin operation. In 25 of these there 
was complete reattachment, in 16 im- 
provement, 10 remained unchanged, 
and 5 became worse. Of the 56 patients, 
17 were operated upon twice, and two, 
three times. In five cases there was 
severe hemorrhage into the anterior 
chamber, and in two, cicatricial bands 
vitiated the result. Lindner’s walling- 
off operation was a failure in the three 
cases in which it was performed. A 
combination of the Larsson and Weve 
diathermy technique was used in 109 
cases, resulting in cure in 54, improve- 
ment in 26, no change in 22, and ag- 
gravation in 7. In 13 cases the tear was 
not located; cure resulted in four of 
these. Of six cases with tears in the 
macula, four were operated upon; in 
three of these an orbitotomy facilitated 
access to the macula. In 3 of the 6, the 
retina became reattached, and in 2, vi- 
sion improved. In the third case, vision 
was unimproved in spite of retinal re- 
attachment. The complications in this 
group consisted of two vitreous hemor- 
rhages, three cataracts, and two cases 
of iritis, one of which developed glau- 
coma. Ray K. Daily. 


11 


OPTIC NERVE AND TOXIC 
AMBLYOPIAS 


L., and Saskin, E. Toxic 


Pelner, 
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amaurosis due to quinine: treatment 
with sodium nitrite administered intra. 
venously. Jour. Amer. Med. Assoc,, 
1942, v. 119, Aug. 8, p. 1175. 
Complete amaurosis developed in q 
malarial patient who had been given 
45 grains of quinine over a period of 
three days. Intravenous injection of 
sodium-nitrite solution produced q 
rapid and favorable effect, although 
some peripheral-field contraction re. 


mained. George H. Stine, 


12 
VISUAL TRACTS AND CENTERS 


Brain, W. R. Visual disorientation 
with special reference to lesions of the 
right, cerebral hemisphere. Brain, 1941, 
v. 64, Dec., p. 244. (See Amer. Jour. 
Ophth., 1942, v. 25, May, p. 622. 


13 
EYEBALL AND ORBIT 


MacKenzie, C. M. Fascial suspension 
of the eye. Amer. Jour. Ophth., 1942, 
v. 25, Aug., pp. 977-978. (2 photographs, 
references.) 


Pfeiffer, R. L. Roentgenography of 
exophthalmos, with notes on the roent- 
gen ray in ophthalmology. Trans. 
Amer. Ophth. Soc., 1941, v. 39, p. 492. 

The field of application of the roent- 
gen ray in ophthalmology has been so 
extended and the modality has become 
so indispensable that it should receive 
increased attention from eye physicians 
as a diagnostic means. It is only by 
this means that we are enabled to study 
the orbit in the living. 

The value of the roentgen ray is 
well demonstrated in the study of 
exophthalmos. With its aid we are able 
not only to diagnose many causes of 
exophthalmos, but also to differentiate, 
with some degree of accuracy, at least 
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a few of the various tumors that arise 
in the orbit. 

Two hundred cases of exophthalmos 
were studied from the standpoint of 
roentgenography, with 70 percent posi- 
tive findings. Thirty-two conditions 
producing exophthalmos are reviewed 
in detail, with excellent clinical and 
roentgenographic illustrations. (Large 
bibliography. ) 

David O. Harrington. 


Talkovskii, S. I. Phlegmon of the 
orbit. Publications Helmholtz Inst. 
Ophth. (Russia), 1940, p. 89. 

The material reviewed consists of 93 
cases. The youngest patient was 3% 
months of age, and the oldest 73 years, 
with 32.4 percent of the cases occurring 
in children, The majority of the adult 
patients were workers and farmers. 
Both eyes were affected with equal fre- 
quency. 

The etiologic table shows the close 
connection between phlegmon of the 
orbit and inflammation of the paranasal 
sinuses. Sinus disease was present in 
38.7 percent of the cases, and in 30 per- 
cent of these, two or more sinuses were 
involved. In children the ethmoid 
sinuses and the antra were involved 
most frequently. In 25 percent of the 
cases trauma was the etiologic factor 
and the percentage rises to 28 with the 
addition of cases of surgical trauma 
following operations on the lacrimal 
sac and lids. This figure is particularly 
interesting because in the literature 
trauma is considered an insignificant 
factor in the genesis of orbital phleg- 
mon. The third etiologic factor in order 
of frequency was infectious disease, and 
the fourth, erysipelas. Because of the 
intimate connection between the vascu- 
lar supply of the orbit, the face, and the 
cranial sinuses, development of orbital 
phlegmon in erysipelas may be cen- 


trifugal, the infection extending from 
the cavernous sinus to the orbit; or it 
may be centripetal advancing from the 
orbital veins into the cranial sinuses. 
Clinically the author records a fre- 
quent disparity between the tempera- 
ture and pulse. In the absence of 
meningeal symptoms, he considers a 
slow pulse with a high temperature as 
an oculocardiac reflex similar to Asch- 
ner’s reflex. Venous dilatation of the 
forehead and temple associated with 
dilatation of the retinal veins is con- 
sidered indicative of involvement of the 
cavernous sinus and of grave prognosis. 
In 20 percent of the author’s cases the 
optic nerve was affected, being involved 
most frequently in cases of traumatic 
and rhinogenous etiology. The next 
most common complication was corneal 
ulcer, which occurred in 21.1 percent, 
chiefly adults. While the cornea is ex- 
posed to great pressure from the 
swollen lid, and to constant contact 
with purulent secretion, the author be- 
lieves that the most important factor 
in the genesis of the corneal ulcer is 
neurotropic. His opinion is supported 
by the experimental observations of 
Ochapovskis who demonstrated pro- 
found changes in the ciliary ganglion, 
such as edema, hemorrhage, and necro- 
sis of nerve tissue. Seventeen of the 93 
cases ended fatally. Eight of these were 
of traumatic origin. In 6 cases the 
immediate cause of death was caver- 
nous thrombosis, in 3, meningitis, in 3, 
abscess of the brain, in 3, sepsis, in 1, 
pneumonia, and in 1, bilateral pleural 
empyema. All cases were treated by 
prompt incision and drainage. Four 
cases treated by repeated applications 
of leeches did very well, as did one case 
treated with the Speranski novocaine 
blockade. Since the basic pathologic 
process consists in a thrombophlebitis 
of the retinal veins, the author urges 
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the serious consideration of hirudin as 
a therapeutic agent. Ray K. Daily. 


14 
EYELIDS AND LACRIMAL APPARATUS 


Benedict, W. L. Treatment of blepha- 
rospasm. Trans. Amer. Ophth. Soc., 
1941, v. 39, p. 227. 


This review of the etiologic classifica- 
tion of blepharospasm is supported by 
case reports. Three methods of treat- 
ment of essential blepharospasm are 
discussed: alcohol injection of the fa- 
cial nerve, neurectomy, and electro- 
coagulation of the facial nerve. The au- 
thor favors alcohol injection as giving 
good result without the disfiguring 
scar of the other methods. He advo- 
cates injection of the nerve at the paro- 
tid plexus rather than at the orbital 
rim or at the stylomastoid foramen. 

David O. Harrington. 


Brinckerhoff, A. J. Actinomycosis of 
the inferior lacrimal canaliculus. Amer. 
Jour. Ophth., 1942, v. 25, Aug., pp. 978- 
981. (References.) 


Ivanova, E. M. Surgical treatment of 
dacryocystitis. Publications Helm- 
holtz Inst. Ophth. (Russia), 1940, p. 
63. 


From 1931 to 1935, 3,318 cases of 
dacryocystitis were treated. Of these, 
1,864 cases had extirpation of the lacri- 
mal sac, and 1,894 external dacryocys- 
torhinostomy. After rhinostomy failure 
manifested itself promptly, and the im- 
mediate postoperative result was per- 
manent. In extirpation, the percentage 
of successful results diminished with 
time; recurrences were caused by in- 
complete excision and regeneration of 
the lacrimal sac from remnants of: mu- 
cous membrane. The regenerative pro- 
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clivities of the lacrimal mucous mem. 
brane may be gleaned from a case jp 
which extirpation was performed nine 
times. The final result was absence of 
secretion on pressure in 82.6 percent of 
the extirpation cases, and in 95.1 per. 
cent of the dacryocystorhinostomy 
cases. Recurrences following dacryo- 
cystorhinostomy were due to a small 
or incorrectly placed nasal aperture. Ip 
23 reoperated cases, the crista lacri- 
malis anterior was found to have been 
incompletely removed, and the small 
lacrimonasal communication was ob- 
structed by dense scar tissue. At the 
second operation this opening was en- 
larged and sutures placed only exter- 
nally ; the results were uniformly good. 
In three recurrences, an_ intranasal 
operation achieved a cure. Recurrence 
following extirpation was _ practically 
always due to regeneration of the lac- 
rimal sac. In 32 cases of dacryocysto- 
rhinostomy, the operation was done as 
preliminary to an operation requiring 
opening of the eyeball. These opera- 
tions were performed subsequently 
without complications. In 74 cases, the 
lacrimal sac was extirpated to prepare 
for a cataract extraction ; three of these 
cases became infected. 

The conclusions are that an external 
dacryocystorhinostomy is indicated in 
all cases of dacryocystitis, and the 
wider the dilation of the lacrimal sac, 
the easier the operation and the better 
the result. In acute phlegmon, extirpa- 
tion is unsuitable. In dacryocystitis 
with corneal complications, dacryo- 
cystorhinostomy is more effective than 
extirpation in arresting the corneal 
process. The chief advantages of 


dacryocystorhinostomy are conserva- 
tion of the structure and restoration of 
function. Complications are rarer fol- 
lowing dacryocystorhinostomy 


than 
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following extirpation. Dacryocysto- 
rhinostomy insures asepsis of the con- 
junctival sac more effectively than ex- 
tirpation, and is effective in recurrence 
following extirpation. The condition of 
the nasal mucous membrane is of no 
significance in either operation. 
Dacryocystorhinostomy is a more time- 
consuming procedure than extirpation, 
but its performance becomes more 
rapid with mastery of the technique. 
Ray K. Daily. 


15 
TUMORS 


‘Ash, J. E., and Wilder, H. C. Epi- 
thelial tumors of the limbus. Amer. 
Jour, Ophth., 1942, v. 25, Aug., pp. 
926-932; also Trans. Amer. Acad. 
Ophth. and Otolaryng., 1942, 46th 
mtg., May-June, p. 215. (10 illustra- 
tions. ) 


Callender, G. R., Wilder, H. C., and 
Ash, J. E. Five hundred melanomas of 
the choroid and ciliary body followed 
five years or longer. Amer. Jour. 
Ophth., 1942, v. 25, Aug., pp. 962-967 ; 
also Trans. Amer. Acad. Ophth. and 
Otolaryng., 1942, 46th mtg., May-June, 
p. 223. (8 tables, 7 figures, references.) 


Montague, L. H. Report on a case 
of lymphoma of the orbit. Brit. Jour. 
Ophth., 1942, v. 26, July, pp. 297-301. 

The tumor had been present for al- 
most four years before treatment was 
sought, and was of sufficient size to 
cause downward displacement of the 
eyeball. X rays showed infiltration of 
the frontal sinus and ethmoids. After 
a very small amount of irradiation 
therapy, the tumor was reduced to half 
its size. Seven months later there was 
only a very slight exophthalmos and 


the eye movements were good. (2 


photographs, 2 photomicrographs.) 
Edna M. Reynolds. 


Tomkin, Harris. A case of melanotic 
sarcoma of conjunctiva. Brit. Jour. 
Ophth., 1942, v. 26, July, pp. 314-317. 

The tumor was 8 by 6 mm. in size 
and projected between the lids. It had 
been present for 12 months prior to 
(2 photographs, 2 photo- 
Edna M. Reynolds. 


16 
INJURIES 
Alabaster, E. B., Rudd, C., and Tree, 
M. Two cases of orthoptic interest. 
Brit. Jour. Ophth., 1942, v. 26, July, pp. 
304-309. (See Section 4, Ocular move- 


ments. ) 


operation. 
micrographs. ) 


Carter, L. F. A flexible tip for the 
giant magnet. Amer. Jour. Ophth., 1942, 
v. 25, Aug., p. 986; also Trans. Amer. 
Acad. Ophth. and Otolaryng., 1942, 
46th mtg., Jan.-Feb., p. 134. 


Cruthirds, A. E. Face and eye burns. 
Industrial Med., 1942, v. 11, March, p. 
109. 

In a series of 43 cases, uniformly 
satisfactory results were obtained from 
a new treatment for face and eye burns. 
A solution of equal parts of hydro- 
sulphosol and warm sterile distilled 
water was applied by spraying with a 
rubber syringe. This led to alleviation 
of pain and prompt healing without 
infection. A flexible, easily detached 
eschar was the rule. When the eyes 
were involved, 4 c.c. of hydrosulphosol 
in 30 c.c. of sterile distilled water was 


used as a collyrium. F. M. Crage. 


_ Wetzel, J. O. Tetanus following eye 
injury. Amer. Jour. Ophth., 1942, v. 25, 
Aug., pp. 933-944. (Bibliography.) 


nem- 
in 
Nine 
of 
t of 
per- 
Omy 
ryo- 
cri- 
een 
nal| 
ob- 
the 
en- 
ter- 
0d, 
sal 
nce 
ally 
ac- 
sto- 
as 
ra- 
tly 
he 
ire 
ase 
al 
in 
he 
C, 
er 
is 
0- 
an 
al 
of 
of 
n 


1272 


17 
SYSTEMIC DISEASES AND PARASITES 


Allen, J. H. Staphylococcic ocular 
inflammation. Jour. Lancet, 1942, v. 62. 
June, p. 207. 

A complete survey is made of acute 
and chronic conjunctivitis due to 
staphylococci. Other ocular inflamma- 
tory lesions due to staphylococci are 
listed. Therapy is grouped and sum- 
marized as immunization (antitoxin, 
toxoid, and vaccine), chemotherapy 
(sulfathiazole, silver nitrate, zephiran), 
and surgery (expression or incision and 
drainage). Robert O. Sherwood. 


Espildora, C., and Coutts, W. E. 
Lymphogranuloma-venereum lesions of 
the eyes. Amer. Jour. Ophth., 1942, v. 
25, Aug., pp. 916-925. (2 tables, 
bibliography.) 


18 


HYGIENE, SOCIOLOGY, EDUCATION, 
AND HISTORY 

Ferree, C. E., and Rand, G. Hospital 
lighting for protection in war time. 
Brit. Jour. Ophth., 1942, v. 26, July, 
pp. 310-314. 

The authors describe a light fixture 
combining the good features of both 
direct and indirect lighting. The fixture 
has a light-confining action which 
makes it possible to obtain any degree 
of blackout without resort to special 
curtaining. Edna M. Reynoids. 


Gradle, H. S. The eye problem in the 
national-defense situation. Sight-Sav- 
ing Rev., 1942, v. 12, March, p. 3. 


Statistics on defective eyes among 
army selectees are reviewed. The au- 
thor shows the approximate number of 
ophthalmologists available and _ the 


number needed for our armed forces. 
Care of the civilian population, ophthal- 


ABSTRACTS 


mologic teaching, and examination of 
selective service men are also discussed 
F. M. Crage, 


Gutzeit, E. E. Sight restoration ang 
patients’ reactions. Sight-Saving Rey, 
1942, v. 12, March, p. 62. 

Studies of 56 cases considered amen. 
able to medical or surgical treatmen 
are presented in this article. In general 
these patients needed to express their 
feelings about their eye trouble, to have 
this trouble explained to them, and to 
learn about the cost of services, hos. 
pitalization, and glasses. F. M. Crage. 


Haller, J. A. Eye protection in the 
defense industries. Sight-Saving Rey, 
1942, v. 12, March, p. 11. 


The article classes accident-preven- 
tion work under three “E’s”—engineer- 
ing, education, and enforcement—with 
especial emphasis on the last two. Ac- 
cording to the author from 90 to 98 
percent of all eye injuries could be 
prevented. There is a clear distinction 
between injury and accident, the lat- 
ter being something unforeseen, un- 
expected. Bad ligiiting or a combination 
of poor lighting and subnormal vision 
accounts for at least 25 per cent of all 
accidents. F. M. Crage. 


Hayes, H. E. The restoration of sight 
and prevention of blindness in Kansas. 
Sight-Saving Rev., 1942, v. 12, March, 
p. 44. 

This article is a rather detailed de- 
scription of the state care of Aid-to-the- 
Blind cases in Kansas. Mention is made 
of the fact that some local agencies 
have used the application for “aid to 
the blind” as a means of securing eye 
examination and possibly treatment for 
individuals who were obviously not 
blind within the meaning of the law. 

F, M. Crage. 
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Kafka, M. M. Military pilots’ vision. 
Med. Record, 1942, v. 155, June, p. 339. 

Explanation is given of how the eyes 
are used while flying. The standard 
tests for determining visual efficiency 
are enumerated. Some of the patho- 
logic conditions affecting vision for 


fight are discussed. 
Robert O. Sherwood. 


Kuhn, H. S. Vision facts for visual 
reasons. Jour. Lancet, 1942, v. 62, June, 
p. 240. 

Visual efficiency for industrial work- 
ers is determined by: acuity for far and 
near with and without correction; 
depth perception; color perception; 
binocular movements. These criteria 
are used in classifying workers for dif- 
ferent jobs, and in periodic reéxamina- 
tion to maintain visual efficiency and 


safety. Robert O. Sherwood. 


McConnell, J. W. State authoriza- 
tions for a prevention of blindness pro- 
gram. Sight-Saving Review, Supple- 
ment, 1942, v. 12, 59 pp. 

The positive prevention of blindness 
has more and more occupied govern- 
ment agencies. A complete summary of 
state legislation related to prevention 
of blindness and conservation of vision 
is given with notations regarding cer- 
tain provisions. The author discusses 
and suggests means for better integra- 
tion of existing agencies, public and pri- 
vate. 


Robert O. Sherwood. 


Post, L. T. Lifelong care of the eyes. 
Jour. Amer. Med. Assoc., 1942, v. 119, 
July 18, p. 921. 

The author stresses the teaching of 
proper care of the eyes to the child so 
that throughout life he will continue 
such care. George H. Stine. 


Souter, W. C. The collected works of 
C. H. Usher. Brit. Jour. Ophth., 1942, 
v. 26, July, pp. 289-297. 

An exhaustive bibliography of the 


publications of Usher. 
Edna M. Reynolds. 


Sullivan, G. L. Glaucoma program 
at the Massachusetts Eye Infirmary. 
Sight-Saving Rev., 1942, v. 12, March, 
p. 36. (See Section 8, Glaucoma and 
ocular tension.) 


Waite, J. H. Medical progress: oph- 
thalmology. New England Jour. Med., 
1942, v. 226, June 25, p. 1023. 

In a discussion of recent progress in 
ophthalmology the author surveys 
chemotherapy with the sulfonamides, 
the status of vitamin therapy, experi- 
mental and clinical work concerning 
the pathogenesis of cataract, the patho- 
genesis of uveitis, and corneal trans- 


plantation. Robert O. Sherwood. 
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ANATOMY, EMBRYOLOGY, AND 
COMPARATIVE OPHTHALMOLOGY 


Hayden, H. C. Concerning certain 
phases of the development of the 
vitreous. Trans. Amer. Ophth. Soc., 
1941, v. 39, p. 41. 

This was a lantern-slide demonstra- 
tion of photographs of sections of 
human fetuses, portraying the gener- 
ally accepted theories regarding the 
embryonic formation of the vitreous. 
The paper does not lend itself to 
abstracting, as the illustrations are of 
primary importance. Several contro- 
versial points are brought up and there 
is much interesting discussion. 

David O. Harrington. 
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PAN-AMERICAN NOTES 


Edited by Dr. M. Urtge Troncoso 
500 West End Avenue, New York 


Communications should reach the Editor by the twelfth of the month 


MISCELLANEOUS 


2d Pan-American Congress of Ophthalmol- 
ogy. Taking advantage of the stay of Prof. 
Moacyr E. Alvaro in the United States, as a 
guest of the Section of Ophthalmology of the 
American Medical A<sociation, a meeting of 
the Executive Board of the 2d Pan-American 
Congress of Ophthalmology was held in Atlan- 
tic City, with Dr. Harry S. Gradle presiding, 
and Dr. Conrad Berens and Professor Alvaro 
as secretaries. Plans were made for the pro- 
gram of the meetings of the 2d. Congres, 
which will be held in Monteviedo, Uruguay, 
from the 4th to the 7th of November, 1943. 

The program will include one day for the 
presentation of papers on research in ophthal- 
mology, one for social ophthalmology, one for 
clinical, and a fourth for surgical ophthal- 
mology. 

The program for the session on social oph- 
thalmology will be organized by the Com- 
mittee for the Prevention of Blindness and 
the Committee for Trachoma. 

Returning to Brazil, Professor Alvaro was 
able to convey the information of this tenta- 
tive program to many in the South American 
countries who are interested in the Congress. 
An exchange of ideas with these men showed 
that they favor as subjects for symposiums on 
clinical and surgical ophthalmology, first, the 
problem of glaucoma, and second, surgical 
treatment of heterophoria and _heterotropia. 
Prof. Vasquez Barriére, who went to Brazil to 
invite the ophthalmologists of that country to 
attend the Congress at Montevideo, favored 
these subjects for the program. 


A ship chartered for two Congresses. The 
Brazilian Congress of Ophthalmology will 
probably be held in October, 1943, according to 
plans made by the directors of this Congress 
and the directors of the 2d Pan-American Con- 
gress. It would then be possible to follow Dr. 
Gradle’s plan of bringing the North American 
ophthalmologists down in a ship chartered for 
the purpose, which would also pick up the Cen- 
tral American ophthalmologists, and which 
would anchor in Bahia so that they could all 
join in the Brazilian Congress. When this Con- 
gress is over, the Brazilian ophthalmologists 
can join their American colleagues and to- 
gether sail for Montevideo, meeting there the 
ophthalmologists from the Argentine, Chile, 
Paraguay, Bolivia, Pert, and Ecuador, who will 


travel by another route, those from Colombia 
and Venezuela probably preferring to travel by 
the Atlantic Coast as well. 


The Committee for the Prevention of Blind. 
ness of the 2d Pan-American Congress of Oph- 
thalmology is made up as follows: President, 
Dr. Francisco Belgeri; secretary, Dr. Baudilio 
Courtis; committee members, Dr. Ellett of 
Memphis, Tennessee, U.S.A.; Dr. Horacio 
Ferrer of Cuba, Dr. Natalicio de Farias of 
Brazil, Dr. Espildora Luque of Chile, and Dr, 
Washington Isola of Uruguay. This Committee 
decided to elect a delegate in each American 
country, whose duty it would be to carry out 
instructions of the Committee and send them 
reports on what was being done for the pre- 
vention of blindness in their respective coun- 
tries. The following ophthalmologists were 
elected as delegates from the Pan-American 
countries to represent the Committee for the 
Prevention of Blindness: Bolivia, Dr. Roberto 
Valda Arana; Canada, Dr. Alexander Mac- 
Donald; Columbia, Dr. Bernardo  Giraldo 
Duque; Costa Rica, Dr. Alexis Aguero; Do- 
minican Republic, Dr. Wenceslao Mendrano; 
Ecuador, Dr. Miguel Andrade; Guatemala, Dr, 
Pacheco Luna; Haiti, Dr. Fouron; Honduras, 
Dr. José Gomez Marquez; Mexico, Dr. Rafael 
Silva; Nicaragua, Dr. Alfredo Gonzalez 
Hooker; Panama, Dr. Carlos Brin; Venezuela, 
Dr. Jestis Rhodes. 

The Committee for the Prevention of Blind- 
ness is gathering all available data on this sub- 
ject and will present a report on the study of 
blindness, its prevention, and the various pro- 
phylactic measures adopted in the several 
American countries at the 2d Pan-American 
Congress of Ophthalmology, in Montevideo, 
November, 1943. 


International Graduate-Student Exchange. 
The Pan-American Congress of Ophthalmol- 
ogy, as announced in a_ previous number, 
through the generosity of the W. K. Kellogg 
Foundation of Battle Creek, Michigan, has 
established a graduate-student exchange for 
Latin-American physicians who wish to study 
ophthalmology in the United States. With the 
coéperation of the Department of State of 
the United States, 25 physicians from all coun- 
tries of Latin-America will be assigned to 17 
of the leading ophthalmologic institutions in 
the country to serve as accessory residents for 
a minimum of one year. Traveling expenses 
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will be paid both ways, and each physician will 
receive $1,000 a year from the Foundation. 
The students are to be chosen in each coun- 
try by a local committee composed of the dean 
of the medical school, the professor of oph- 
thalmology, and a delegate of the American 
Legation in each country, under the supervision 
of the Department of State. Applications must 
be sent to the local professor of ophthalmology 
who will forward them to the secretaries of the 
Pan-American Congress of Ophthalmology. 
Each application must present a complete rec- 
ord of the applicant’s qualifications and should 
be endorsed by the professor of ophthalmology. 
The candidate must be less than 30 years of age, 
be a graduate of a recognized medical school, 
and must have served at least one year as an 
interne or assistant in a medical clinic or have 
had at least three years’ experience in the gen- 
eral practice of medicine. The applicant should 
have sufficient knowledge of the English lan- 
guage to speak and understand it. He must 
agree also to practice and teach ophthalmology 
when he returns to his country upon comple- 
tion of his scholarship. During his training 
he must agree to attend at least one or two 
meetings of any of the national societies of 
ophthalmology in the United States. 


7th post-graduate course in ophthalmology. 
The Ophthalmological Clinic of the Escola 
Paulista de Medicina, Brazil, will hold its 
7th post-graduate course in January, 1943. This 
course will include lectures and demonstra- 
tions on the specialty and will be useful not 
only to those who are beginning the study of 
ophthalmology but also to those who have 
already specialized and wish to revise and 
bring up to date their methods and ideas. 


Ist Pan-American Congress for the Preven- 
tion of Blindness. The first Pan-American Con- 
gress for the Prevention of Blindness was held 
in Rio de Janeiro at the beginning of July, 
under the auspices of the National League for 
the Prevention of Blindness. Foreign delegates 


to the Congress were: Prof. A. Vasquez 
Barriére, Montevideo; Dr. Baudilio Courtis, 
Argentina; and Matthew Luckeish, director of 
of the General Electric Research Laboratory 
at Nela Park, Cleveland, Ohio. Various papers 
and suggestions referring to the campaign 
against blindness were presented at the meet- 
ing. 


SOcIETIES 


Ophthalmological Society for Minas Geraes, 
Brazil. At a meeting held on April 7, 1942, the 
anniversary date of the Society’s foundation in 
1935, the officers for 1942 were elected, as fol- 
lows: Dr. Odilon Alves, president ; Dr. Geraldo 
Queiroga, vice-president; Dr. Amelio Benfieli, 
secretary; and Dr. Aauro Santa Cecilia, treas- 
urer. 


Ophthalmological Study Center in Sao Paulo, 
Brazil. On February 22, 1942, an Ophthalmo- 
logical Study Center was formed by the faculty 
of the Ophthalmological Clinic of the Escola 
Paulista de Medicina, under the direction of 
Prof. Moacyr E. Alvaro. This society is in- 
tended to promote research work in ophthal- 
mology and to report recent ophthalmologic 
findings. The Study Center has various sections 
for experimental study in ophthalmology and 
ocular histopathology. 


PERSONALS 


Professor Barraquer has moved his private 
clinic to a new building in Muntaner 314, Bar- 
celona, Spain. The building was made ex- 
pressly for the clinic and has five floors, is of 
modern design, and contains elaborate and ele- 
gant rooms for patients’ private rooms and 
wards. The large entrance hall has a round 
ceiling with open gallery; the library is a large 
room with shelves on first and second floors. 
The operating rooms are thoroughly modern 
and contain opticai devices for observation of 
operations. The laboratory and clinical rooms 
are up to date in their appointments. 
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NEWS ITEMS 


Edited by Dr. RALPH H. MILLER 
803 Carew Tower, Cincinnati 


News items should reach the editor by the twelfth of the month. 


DEATHS 


Dr. Nelson S. Weinberger, Sayre, Pennsyl- 
vania, died June 28, 1942, aged 60 years. 

Dr. Henry William George, Middletown, 
Pennsylvania, died July 7, 1942, aged 64 years. 

Dr. D. R. Dorente, Ada, Oklahoma, died 
June 17, 1942, aged 61 years. 

Dr. Oliver Howard Jackson, Fall River, 
Massachusetts, died June 1, 1942, aged 70 years. 

Dr. Daniel Leon Elkins, Long Beach, Cali- 
fornia, died June 8, 1942, aged 57 years. 

Mr. Victor M. E. Koch, vice-president of 
Carl Zeiss, Inc., New York, died August 23, 
1942, aged 65 years. 


MISCELLANEOUS 


Because of the War Emergency, the Ameri- 
can Board of Ophthalmology announces the 
following additional examinations: 


New York City: December 13th to 16th 
Los Angeles: January 15th and 16th 


At the last meeting it was decided to cancel 
the 1943 written examination, to include in the 
oral examination all of the subjects previously 
covered by the written examination, and to 
dispense temporarily with the requirement of 
case reports. The oral examination will prob- 
ably require two or three days and will cover 
the following subjects: 


External Diseases— 
Slitlamp 
Ophthalmoscopy 


Histology-Pathology- 
Bacteriology 
Ocular Motility 


Refraction—Retinos- Therapeutics and 


copy Operations 
Practical Surgery Optics and Visual 
Anatomy and Em- Physiology 


bryology 


Relation of the Eye to 
Perimetry 


General Diseases 


Formal application on the proper blanks for 
the December and January examinations must 
be filed with the Secretary not later than No- 
vember Ist. 

Please write at once for blanks to: 


AMERICAN BOARD OF OPHTHAL. 
MOLOGY 


6830 Waterman Avenue 
Saint Louis, Missouri 


SOcIETIES 


On July 15th the Reading, Pennsylvania, Eye, 
Ear, Nose, and Throat Society was addressed 
by Dr. Nevin H. Rupp of Reading, who dis- 
cussed “Eye, ear, nose, and throat aspects of 
chemical warfare.” 


PERSONALS 


The Abstract Department of the American 
Journal of Ophthalmology received recently, 
from Dr. K. S. Sun, Chengtu, Szechwan Prov- 
ince, China, three excellent abstracts from the 
National Medical Journal (China). These were 
sent by air mail and took about one month on 
the journey. 
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